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Physiological and Pathological Tooth Wear
As teeth continue to function, they will be exposed to erosive, abrasive, and attritive 
factors. The wear of tooth tissue is, therefore, an age-related phenomenon [1]. The 
term ‘physiological wear,’ has been used to describe a level of tooth wear, which is 
expected for the patient’s age, and commensurate with normal, day-to-day function 
[2]. The annual vertical loss of enamel from physiological wear has been estimated to be 
approximately 15µm for premolar teeth and 29µm for molar teeth [3]. 
Historically, the term ‘pathological wear’ described the presence of unacceptable 
levels of tooth wear for a particular age group and was based on clinical judgement 
[4]. In 2017, ‘pathological wear’ was defined in a European Consensus Statement on the 
Management Guidelines (for Severe Wear) as, “tooth wear which is atypical for the age of 
the patient and causes pain or discomfort, functional problems, or deterioration in the 
aesthetic appearance, which if it progresses, may give rise to undesirable complications 
of increased complexity,” [5]. The use of clinical judgement, does not however, offer an 
accurate and consistent approach and is subjective. Furthermore, there would be the 
need to define precise ‘normal’ levels of tooth wear for each age group’ and this may 
vary geographically. Fundamentally, it needs a universally accepted means to measure 
and record the levels of tooth wear present. 
An overview of the epidemiology and etiology of tooth wear
Given the presence of an aging western population, retaining its natural teeth into 
advanced years, it is not surprising to see signs of tooth wear amongst older patients. 
Such teeth will have been exposed to a plethora of factors, that may lead to wear over a 
sustained period. As part of a systematic review of the results of 186 prevalence studies 
of tooth wear by all causes, it was concluded that the percentage of adult patients 
presenting with severe tooth wear, increased from 3% at the age of 20 years, to 17% at 
the age of 70 years, with a tendency to develop more wear with age, [6] however, the 
condition is not limited to older adults. Considerable variations in the global prevalence 
rates of tooth wear have also been reported, and using the data, a mean global prevalence 
of erosive tooth wear has been estimated to be between 20% and 45% in permanent 
teeth and between 30% and 50% in deciduous teeth [7]. Visible signs of erosive tooth 
wear were observed on the buccal/facial and lingual/palatal surfaces amongst 29% of a 
convenient sample of 3187 adults, aged 18-35 years from seven European countries in 
2013. The UK had the highest levels of tooth wear [8]. Furthermore, other data from the 
2009 UK Adult Dental Health Survey (ADHS 2009) reported signs of anterior tooth wear 
amongst 77% of their stratified sample of 5654 dentate adults [9]. 
9
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1The clinical effects and concepts in the management of tooth wear
The etiological factors for tooth wear include abrasion, erosion, and attrition [10]. 
However, these factors do not always take place independently and other processes 
may be concomitantly involved [6]. Nevertheless, as erosive factors are reported to 
be frequently involved [11], the use of the term, “erosive tooth wear,” has become 
commonplace, especially within the European literature. Tooth wear may be broadly 
divided into mechanical wear or chemical wear, [12], with four subforms,
• mechanical intrinsic tooth wear (chewing or bruxism) also called attrition, (Figure 1)
• mechanical extrinsic tooth wear (factors other than chewing and / or bruxism) 
also called abrasion
• chemical intrinsic tooth wear (gastric acid) also called erosion
• chemical extrinsic dental wear (acidic diets), also known as erosion, (Figure 2). 




Fig 2: An example of intrinsic chemical tooth wear, related to Gastro-oesophageal reflux 
disease (GORD).
Patients with tooth wear may report symptoms of tooth sensitivity and/ or pain, 
functional difficulty, and/ or orofacial aesthetic impairment [5,13,14]. Progressive tooth 
wear may also risk the integrity of the patient’s residual dentition and have an adverse 
impact on their oral-health related quality of life [4,15-18]. As part of the management of 
the severely worn dentition, preventive measures, include counselling and monitoring 
[5]. When patient’s also express concerns about their appearance restorative treatment 
may be indicated. Restorative intervention can be provided in an “additive,” minimally 
invasive way [5] and may preserve tooth tissue. Figure 3 is a flow chart, to illustrate the 
decision-making process for a patient with tooth wear [5].
11
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Fig 3: Flow chart: Decision making process of a patient with tooth wear [4]. 
The application of a variety of clinical techniques and dental materials have been 
described for the restorative rehabilitation of tooth wear [4,19]. Much of the literature is 
focused on the treatment of tooth wear using direct resin composite-based materials 
[19,20]. The restorative rehabilitation of the worn dentition is costly, complex and time 
consuming [21,22]. 
TOOTH WEAR INDICES 
Although descriptive clinical assessments (mild, moderate, and severe) are frequently 
used to describe the extent and severity, such evaluations may be subjective [23]. For 
patient understanding these are probably sufficient but for data analysis they are not 
suitable. Quantitative methods to assess the levels of tooth wear are numerically based 
clinical indices, applying standardised scoring based on clinical descriptions. They 
provide the potential for improved intra and inter levels of reproducibility compared 
with the subjective terms of mild, moderate and severe [23].  A PubMed search carried out 
in 2016, [24] reported 114 different grading systems (clinical indices) for tooth wear, with 
the Tooth Wear Index (TWI) [25] being the most frequently reported system, followed 
by the Basic Erosive Wear Examination (BEWE) [26] and then the Lussi index [27]. Whilst 
the TWI has been widely accepted and used [23,28] challenges have been described 
with inter-examiner reliability, especially with the identification of dentine exposure 
For the age of the patient is the tooth wear observed?
PhysiologicalPathological
Yes
Establish prevention programme with 
periodic re-enforcement, counselling 
and monitoring
Is tooth wear cause for concern for 
patient and/or clinician?
Restorative interventionFormulate treatment plan with options 
and establish informed consent
No treatment demand
Yes
Risk assessment. consider etiological 
factors, document amount 
of tooth wear 
Yes
No




[29]. The TWI, which was designed for epidemiology with 5 levels and subdivided into 
1/3rd and 2/3rd exposure of dentine, is time consuming and probably impractical for the 
routine screening of tooth wear in general dental practice [29]. Conversely, the BEWE 
which has 4 levels and sub-divided on change to the surface-based criteria with a 50% 
cut off, was designed for general practice but is less discriminating on severe levels of 
wear (Table 1).  The latter was designed to match the Basic Periodontal Examination 
(BPE) [30], which has better universal international support for screening. For screening 
there is no consensus [28]. 
The Basic Erosive Wear Examination (BEWE) and Table 1 was proposed by Bartlett et al in 
2008, [26] applying many of the concepts of the partial scoring system of the BPE, with 
the aim of introducing an index that would offer the benefits of screening and raising 
the professional awareness of the condition and to assist planning care.  The BEWE has 
been reported to offer the ease of use, good acceptance amongst examiners, [31] and 
has validity, reliability, sensitivity, and specificity [32-35]. 
The Tooth Wear Evaluation System (TWES and Table 2), with 7 levels, is another clinical 
index proposed by Wetselaar et al, 2011 [36,37]. Quantification with the TWES, is enabled 
via a set of diagnostic modules. These include, a screening module, a module with an 
occlusal/ non-incisal grading scale, a module with a non-occlusal/ non-incisal grading 
scale and a module to measure clinical crown length, (Table 2). The TWES has been 
reported with reliability for tooth wear grading, when applied clinically and on dental 
cast records [38]. Additionally, when undertaking occlusal/ incisal surface grading using 
dental casts and intra-oral photographic records, the TWES has been described to offer 
sensitivity to detect changes in the pattern on tooth wear on a sequential basis [39,40]. 
In 2020, the TWES was updated (TWES 2.0), with a new taxonomy to help identify 
situations when preventive (restorative) intervention during the earlier stages of tooth 
wear may be appropriate [41]. 
Table 1. Criteria from the Basic Erosive Wear Examination (BEWE), for grading erosive 
tooth wear, [26].
Score Criteria
1 No erosive tooth wear
2 Initial loss of surface texture
3 Distinct defect; hard tissue loss, 50% of the surface area
4 Hard tissue loss 50% of the surface area
13
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Table 2. The Tooth Wear Evaluation System (TWES); 8-point occlusal/incisal grading scale 
and the 3-point, non-occlusal/non-incisal grading scale, [36]
Grade/score Criteria
Occlusal/ incisal surfaces
0 no (visible) wear
1a (within enamel) minimal wear of cusps or incisal tips
1b (within enamel) facets parallel to the normal planes of contour
1c (within enamel) noticeable flattening of cusps or incisal edges
2 wear with dentine exposure and loss of clinical crown height £ 1/3
3a wear with dentine exposure and loss of clinical crown height 1/3 -1 /2
3b wear with dentine exposure and loss of clinical crown height ³ 1/2 – 2/3
4 Wear with dentine exposure and loss of clinical crown height of ³ 2/3
Non-occlusal/ non-incisal surfaces
0 no (visible) wear
1 wear confined to enamel
2 wear with exposed dentine
THE RADBOUD TOOTH WEAR PROJECT
Data for this thesis was attained at King’s College London and from the Radboud Tooth 
Wear Project, (RTWP). The RTWP commenced in 2010, at the Department of Dentistry, 
Radboud University Medical Centre (UMC), Nijmegen, The Netherlands, [42]. Patient 
participants in the RTWP were recruited by referrals from general practitioners to the 
Tooth Wear Clinic at the Radboudumc. Four initial study arms were established as part 
of the RTWP. The first study arm included patients with severe, or pathological tooth 
wear that were managed by counselling and monitoring. For the other three study arms 
in the RTWP, restorative intervention was prescribed. Figure 4 is an example of a patient 
where restorative dental care was prescribed as part of the RTWP. 
14
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Fig 4: 27-year-old male, with severe and pathological tooth wear. All teeth were extremely 
sensitive to thermal stimuli. Gastro-oesophageal reflux disease was the main etiological 
factor for the occurrence of the wear. Left side shows pre-operative views and right side 
shows the post-operative views.
15
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1PHD PROJECT
As discussed above, tooth wear may result in a plethora of signs and symptoms. 
For some patients irrespective of the severity of wear, concerns or symptoms, their 
condition may adversely impact on their quality of life, as well as satisfaction with their 
dentition [43]. The Oral Health Impact Profile-49 (OHIP-49) is a questionnaire comprising 
49 statements, that can be used to determine the impact of oral health or disease on 
an individual’s daily functioning, well-being, and overall quality of life [44]. The OHIP-49 
(or modified versions) may also enable the specific effects of tooth wear on the quality 
of life, to be assessed. This approach has been applied in several former investigations, 
[15-18]. However, some of these studies have used convenient recruitment from 
hospital settings, [15,17] and may not be representative. Other investigations have 
used partial mouth assessment (anterior teeth only), [16] or samples within a narrow 
age range (18-30-year-olds) [18]. The aim of the study in Chapter 2 was to investigate 
the relationship between the severity of tooth wear, using the BEWE with full mouth 
screening, and the impact of the severity on the quality of life, amongst adult dental 
patients, ranging from 18 to 93 years, attending a first-time routine dental examination 
in the general dental practice setting. 
Erosive tooth wear has been described as the third most commonly observed dental 
condition (after dental caries and periodontal disease) [45].  It would seem prudent 
to routinely chart, make a diagnosis and undertake careful risk assessment for this 
condition. However, there is only limited information available on dental practitioner 
habits with such aspects [46]. The aim of the investigation described in Chapter 3 was 
to report the results from a validated questionnaire to investigate the habits from a 
convenience sample of dental practitioners with the risk assessment of tooth wear 
and the use of clinical indices to perform tooth wear charting. This study also aimed 
to investigate the participant’s views concerning the practical application of the BEWE.
Appropriate calibration of the assessor(s) is important to ensure the optimal use of a 
clinical tooth wear index [28]. Calibration requires examiner training which may be 
delivered by online e-learning training or by clinical supervision. The latter is costly and 
has been shown in epidemiological studies to be reliable, however, there is no data on 
training for general practitioners. The aim of the study in Chapter 4, was to undertake 
an investigation of the impact of using an e-training resource with the consistency of 
using the BEWE, when undertaking scoring of tooth wear using clinical photographs 




Following diagnosis of tooth wear there is the need to undertake pragmatic and reliable 
assessments for the rate of progression between appointments, as well as between 
different clinicians. This information may be used to plan care and help determine the 
optimal time for restorative intervention. Tooth wear assessment is most frequently 
undertaken by periodic, direct chairside assessment, however, indirect methods such 
as the use of photographs, serial (consecutive) dental casts, and serial digital 3D data 
scans, may also help reduce chair-side time. To date, there is a lack of data comparing 
the reliability of the application of the TWES-index on gypsum cast records and digital 
greyscale intra-oral scan records. The aim of the study in Chapter 5 was to undertake 
a comparative evaluation between the reliability of gypsum casts and digital greyscale 
intra-oral scans for the scoring of tooth wear using the Tooth Wear Evaluation System.
The use of direct resin composite to restore worn tooth surfaces has been documented in 
the literature. A systematic review, from 12 publications, reported in 2016, annual failure 
rates of 0.7-26.3% [20]. A more recent systematic review, Kassardjian et al, 2020 reported 
an overall annual intervention rate of 11.7% for the restoration of occluding surfaces of 
anterior and posterior teeth [47]. Given the known challenges with the predictability of 
bonding resin composites to dentine, [48-50] the severity of pre-treatment tooth wear 
could hypothetically influence the performance of direct resin composite restorations 
applied to restore worn surfaces. Limited information is available on this matter.  The 
aim of the study in Chapter 6 was to investigate the effect of the severity of the pre-
treatment wear (measured using the BEWE and the TWES) and the level of increase in 
the VDO on the medium-term performance (5.5 years) of 1269 direct resin composites 
restorations. Measurements were to be taken from the pre- and post-operative digital 
intra-oral scans and the change in the VDO (in mm’s) evaluated for each participant. 
Tooth wear grading would also be performed using pre-treatment digital intra-oral 
scan records. 
AIM OF THE PHD THESIS
The aim of this thesis was to investigate the application of two tooth wear indices, the 
BEWE and the TWES to answer questions relating to the assessment, diagnosis, and 
management of tooth wear, where the available information is either limited, or absent. 
These investigations included, 
• The impact of tooth wear on the oral health related quality of life amongst adult 
dental patients, in the United Kingdom, Malta, and Australia, (Chapter 2).
• An evaluation of the compliance of UK-based and non-UK-based dental practitioners 
with tooth wear assessment, (Chapter 3).
17
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1• The impact of an e-training on the consistency of tooth wear scoring using the Basic 
Erosive Wear Examination, (Chapter 4).
• A comparative evaluation between gypsum casts and digital greyscale intra-oral 
scan records to the TWES for reliability of tooth wear scoring, (Chapter 5).
• An evaluation of the effect of the level of pre-treatment tooth wear and the size 
of increase in the VDO on the 5.5-year performance of 1269 direct resin composite 
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Objective: To investigate the relationship between levels of tooth wear scored using 
the Basic Erosive Wear Examination (BEWE) and the impact on the quality of life of adult 
dental patients. 
Methods:  BEWE assessments were performed on 319 new dentate adult patients 
attending the practices of 5 trained recruiters based in primary care in Malta (120), 
Australia (118) or the UK (81). Oral impacts on the quality of life were measured using 
a shortened form of the Oral Health Impact Profile (OHIP-26). Regression analysis were 
performed, adjusted for age, to estimate the relationship between the variables. Data 
were expressed as Confidence Intervals (95% CI), p-values (values < 0.05 were considered 
statistically significant) and adjusted R2 values. 
Results: Overall, the sample had a mean age of 42.6±17.1 (range, 18 to 93 years), a mean 
cumulative BEWE score of 6.7±4.4 and a mean total OHIP-26 score of 1.84±0.59.  For the 
cumulative sextant BEWE scores, 68.0% of the participants scored  8, 24.5% between 
9 and 13 and 7.5 %,  14.  A significant association was found between increasing BEWE 
score and the overall OHIP-26 total score (effect = 0.028; p=0.002), implying a higher 
BEWE to be associated with a larger impact of oral conditions on daily life. 
Conclusion: Higher levels of tooth wear were significantly associated with a deteriorating 
oral-health related quality of life amongst the participants.
Clinical relevance: When treatment planning for patients with tooth wear, it is 
appropriate to consider the psycho-social impact of the condition alongside other 
clinical findings.  
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INTRODUCTION
The irreversible loss of dental hard tissues from wear is partly a consequence of the 
physiological aging process [1]. However, between individuals, clinically observed rates, 
patterns, and severity of tooth wear may differ considerably. Because of their tooth 
wear, patients may seek professional help. A retrospective review of the clinical records 
of 290 patients referred to a UK dental hospital with tooth wear, reported aesthetic 
concerns to be the most prevalent presenting complaint (59%), followed by sensitivity 
(40%), with endodontic signs and symptoms being least frequently documented in this 
group, (12.7%) [2]. 
For some patients with tooth wear, irrespective of their clinical presentation, concerns, 
and symptoms, of their dental condition may have an adverse impact on their quality of 
life, as well as satisfaction with their dentition [3]. Equally however, it is not uncommon 
for some patients, including those with more severe tooth wear to lack awareness or any 
significant concerns with their condition [2,3]. The latter may relate to the influence of 
more ‘subjective factors’ that can enter the overall decision-making process. Subjective 
factors (based on, personal feelings, perspectives, or opinions) for a patient with tooth 
wear include the psychological and the social dimensions in the quality of life.  Indeed, 
given the World Health Organisation’s (WHO) definition of health, ‘as complete physical, 
psychological and social well-being and not merely the absence of disease or infirmity,’ 
[4] it would seem appropriate for such subjective factors to be considered alongside the 
clinical examination outcomes, when planning care.  [2,5,6,7].
In clinical dentistry, quantitative assessments are often undertaken using numerically 
based indices. The Basic Erosive Wear Examination – ‘BEWE’ was introduced in 2008, [8] 
and involves a four-point scale to score, record, and screen tooth wear, in a convenient 
and efficient manner. Whilst the merits of the BEWE in offering the required levels of 
validity, reliability, sensitivity, and specificity have been reported [9,10,11,12,13], the 
clinical indices commonly used to perform tooth wear charting, do not consider the 
psycho-social impact of the condition, or any impending functional impairment [14]. 
The Oral Health Impact Profile-49 (OHIP-49) [15] is a questionnaire comprising 49 
statements, with acceptable levels of validity and reliability [15,16,17,18,19]. It has 
been applied by several investigations, to assess the oral health-related quality of life 
(OHRQoL) and determine the impact of oral health or disease on an individual’s daily 
functioning, well-being, and overall quality of life. The OHIP-49 (or modified versions) 
offers the scope to capture the specific effect of tooth wear on the quality of life. These 
have been used in several investigations to assess the impact of the condition (or its 
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treatment) on the OHRQoL [7,14,20,21]. However, due to differences in study design, it is 
challenging to make direct comparisons between the latter investigations.
A Dutch investigation, using the OHIP-NL (a Dutch version of the OHIP-49) showed 
their sample of 51 adult patients with tooth wear, exposing dentine, but without a 
demand for treatment for aesthetic or functional problems, to have a deteriorated 
OHRQoL (compared to healthy controls) [14]. As part of this study, the impact of tooth 
wear was shown to be like that of edentulousness, but less than that of having painful 
temporomandibular disorders. A further study using data from the 5654 dentate adults 
who participated in the UK Adult Dental Health Survey of 2009, applying a shorter and 
focussed version of the OHIP-49, the OHIP-14, reported severe anterior tooth wear to be 
negatively associated with the psychological impact of the condition [21]. In the latter 
investigation, a dose-response relationship between the reduction in the quality of 
life and the number of anterior teeth with severe wear was described. Using a dental 
impact on daily living questionnaire to ascertain the effect of tooth wear on daily 
living and satisfaction with the dentition amongst a sample of 76 tooth wear and 76 
control patients, 36% of the tooth wear patients reported dissatisfaction, opposed to 
3.9% of the control [3]. Significantly lower total satisfaction and domain scores were 
also reported in this study for, appearance, pain, oral comfort, general performance and 
eating capacity [3]. 
The aim of the present study was to investigate the relationship between tooth wear 
(using the BEWE to undertake quantification) and the impact on the severity of the 
condition to the quality of life of adult dental patients. Unlike some of the previous 
studies reported, the sample in this investigation comprised patients attending a first-
time routine dental examination in general dental practice settings, without a clinician 
having any prior knowledge of a tooth wear diagnosis. 
MATERIALS & METHODS 
A convenience sample of 326 consecutive new (first time to the practice) participants 
were recruited by five dental practitioners from Malta (1), Australia (2) and the UK (2), 
between May 2017 and June 2018.  Each recruiter collected data for up to 4 months, 
but at differing periods during the timeframe.  Recruiter 1 (Malta based) collected data 
for 121 participants, Recruiters 2 and 3 (Australia based) collected data for 77 and 43 
participants respectively and Recruiters 4 and 5 (UK based), gathered data for 34 and 51 
participants, respectively. All participants were new to the practices and had not been 
examined before by any other dentist at the recruiter’s dental practices.  The recruiters 
were based in primary care, were experienced dental practitioners with at least 2 
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years-experience in primary dental care and enrolled on the MSc in Aesthetic Dentistry 
programme (AES) at King’s College London, Faculty of Dentistry, Oral & Craniofacial 
Sciences, London, UK. The recruiters had been trained and calibrated with using the 
BEWE. The UK dental practices were a mixed funding however, only privately funded 
(non-NHS) patients were recruited. In both Malta and Australia, the participants were 
also privately funded patients.
Inclusion criterium were, adult, healthy, dental patients, aged 18 years or above and 
the ability and willingness to complete a questionnaire without assistance. Potential 
participants with a poor command of the English language were excluded from the 
study, as were those who were edentulous in one or more sextants, however, the 
need for a minimum number of teeth was not stipulated. Any participant who had any 
previous dental care from the recruiters/ or at their dental practice, were also excluded, 
so there was no prior knowledge of their tooth wear. Written informed consent was 
attained from all participants following ethical approval from the King’s College London, 
Research and Ethics Committee, (MR/16/17-298). 
The participants were requested to complete a printed questionnaire, in a waiting room 
area, without assistance, prior to their clinical assessment with the recruiters. For this 
study, a focussed and abridged version of the full OHIP-49 was used; hence the OHIP-
26, with a similar approach previously applied by Li and Bernabe (2016) to study the 
effect of tooth wear and quality of life amongst adults [21]. Questions were excluded 
from the generic and validated English, British version of the OHIP-49, where they were 
considered unlikely to yield further meaningful data relating to tooth wear and this 
led to 26 questions from the total of OHIP-49. A copy of the OHIP-26 items has been 
included at the end of this Chapter. The questionnaires were piloted amongst patients 
attending the dental practices of the two academic staff recruiters in March 2017 to 
ensure consistency, accuracy and understanding. Statements included in the OHIP-26 
were clustered into their respective seven domains: functional limitation, physical pain, 
psychological discomfort, physical disability, psychological disability, social disability, 
and handicap. Participants were invited to record how frequently they experienced the 
impact of the statement during the past year with their mouth, teeth, and gums, and 
how this may have affected their quality of life on a 5-point ordinal scale, thus, very 
often (5), fairly often (4), occasionally (3), hardly ever (2), and never (1). Participants were 
also required to document their age in years, as well as their gender. A higher aggregate 
OHIP-26 score would allude to a greater level of impairment for their oral health quality 
of life. 
After the completion of the questionnaire, tooth wear charting was performed by a 
trained recruiter as part of their routine dental examination protocol, utilizing the BEWE 
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index [8]. Clinical examination was conducted with the patient in the supine position in a 
dental chair, using a size 5 mouth mirror, a WHO periodontal probe and under standard 
lighting. Teeth were dried using an air syringe before the tooth wear assessment. 
Statistical analysis
Questionnaires with any missing fields were excluded, as were those where the 
participant may have provided more than one answer. Participants displaying a sextant 
with no teeth were excluded from the investigation, as were improperly completed 
questionnaires. OHIP-26 scores were described as, cumulative percentages, frequencies 
and means. Mean OHIP-scores were calculated for the seven domains separately, as 
well as for the entire 26 questions in total. The BEWE scores were aggregated over 
the sextants and following the criteria of Bartlett et al, 2008[8]. Regression analysis 
were performed, corrected for age, to estimate the relationship between the BEWE as 
independent variables and OHIP (overall and al domains) as a dependent variable. The 
overall BEWE scores were applied a continuous variable to enable easier interpretation 
of the linear regression analysis (opposed to a multinomial logistic regression). Results 
are expressed as Confidence Intervals for the age corrected effect of BEWE, (95% CI), 
p-values (values <0.05 were considered statistically significant) and adjusted R2 values. 
All analyses were performed with the Statistical Package for Social Sciences (SPSS 24). 
RESULTS
Seven subjects were excluded, of these, two were edentulous in one or more sextants 
(having completed the questionnaire) and the remaining five had submitted improperly 
completed questionnaires. This gave a sample of 319 participants (147 males and 172 
females) recruited, with a mean age of 42.6±17.1 (range of 18 to 93 years). The mean 
cumulative BEWE score for the overall sample was 6.7±4.4, (range of 0 to 18) with a 
mean total OHIP-26 score of 1.84±0.59. 68.0% of the participants had a BEWE score of 8 
or less, 24.5% scored between 9 and 13 and 7.5 % with a cumulative BEWE score of 14 or 
over (Table 1). There were 120 participants from Malta (63 males and 57 females, and a 
mean age: 35.6±11.6 years), with a mean cumulative BEWE score of 5.6±4.2 and a mean 
total OHIP-26 score of 1.90±0.47. From the Malta-based sample, 76.7% had a cumulative 
BEWE score of 8 or less, 19.2% between 9 and 13, and 4.2%, a cumulative BEWE score 
of 14 or above. There were 118 Australian based participants (52 males and 66 females, 
mean age: 51.4±18.1 years) and had a mean BEWE score of 7.9±4.5 and a mean total 
OHIP-26 score of 1.74±0.52. From this group, 54.2% had a cumulative BEWE score less 
than 8, 33.9% between 9 and 13 and 11.9%a total BEWE score of 14 and over.   The UK 
based participants consisted of 81 subjects (32 males and 49 females, with a mean age: 
40.1±16.8 years) with a mean BEWE score of 6.4±4.1 and a mean total OHIP-26 score of 
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1.91±0.8. From the UK group, 75.3% had an aggregate BEWE score of 8 or below, 24.5% 
between 9 and 13 and 6.2% had a cumulative BEWE score of 14 or above. 
Table 1. Characteristics of sample, overall and per country
 Malta Australia UK Overall
Male 63 52 32 147
Female 57 66 49 172
Age (mean, sd) 35.6 (11.6) 51.4 (18.1) 40.1 (16.8) 42.6 (17.1)
Age range 18-70 18-92 18-93 18-93
BEWE (mean, sd) 5.6 (4.2) 7.9 (4.5) 6.4 (4.1) 6.7 (4.4)
BEWE 0-8; 9-13; 14-18 (%) 76.7/19.2/4.2 54.2/33.9/11.9 75.3/18.5/6.2 68.0/24.5/7.5
Mean OHIP-score 1.90 (0.47) 1.74 (0.52) 1.91 (0.80) 1.84 (0.59)
Table 2 presents the outcomes of a regression analyses for the age corrected effect 
of the BEWE score on the mean of the OHIP-26 total and of the mean from the seven 
domain scores. The beta was estimated to be 0.028 (thus it is estimated that the overall 
mean OHIP score would increase by 0.028 if the overall BEWE score was to increase by 
a score of ‘1’). A significant association was found between increasing BEWE score and 
overall higher mean OHIP-26 total (effect = 0.028; p=0.002). Moreover, for the overall 
sample, significant associations were found between the effect of increasing BEWE 
and the mean of the OHIP-26 domain scores on; functional limitation (effect = 0.027; 
p=0.006), physical discomfort (effect = 0.033; p=0.002), physical disability (effect = 
0.037; p=<0.001) and psychological disability (effect = 0.032; p= 0.005).
Table 2 also provides data from the participants, for country of assessment.  For the 
Malta based participants, a significant association was reported between increasing 
BEWE scores and the OHIP-26 for functional limitation (effect = 0.027; p= 0.030). For 
the Australia participants, a significant association was found between an increasing 
BEWE outcome and the overall OHIP-26 total mean (effect = 0.029; p= 0.037), functional 
limitation (effect = 0.038; p= 0.023), psychological discomfort, (effect = 0.069; p= 0.009), 
physical disability (effect = 0.034; p= 0.048) and social disability (effect = 0.03; p= 0.026). 
Analysis of the UK participants showed a significant association between an increasing 
BEWE score and physical discomfort, (effect = 0.074; p= 0.004) and physical disability 
(effect = 0.072; p= 0.006). The maximum R2 value reported when assessing the effect of 
the BEWE on the OHIP-26 scores was 0.112 (UK group, domain of physical discomfort).
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Table 2: Regression analyses for effect of BEWE on various mean OHIP scores. All results 
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P value All 0.002 0.006 0.002 0.102 <0.001 0.005 0.855 0.260
Malta 0.116 0.030 0.221 0.853 0.211 0.058 0.050 0.993
Australia 0.037 0.023 0.228 0.009 0.048 0.405 0.026 0.266
 UK 0.064 0.567 0.004 0.367 0.006 0.053 0.420 0.372
R2 All 0.034 0.031 0.058 0.011 0.039 0.034 <0.001 0.006
Malta 0.028 0.044 0.040 0.014 0.031 0.045 0.038 0.014
Austra lia 0.038 0.073 0.025 0.062 0.039 0.006 0.043 0.012
 UK 0.043 0.011 0.112 0.013 0.093 0.047 0.008 0.012
DISCUSSION 
The purpose of this study was to investigate the impact of tooth wear on patient’s oral 
health-related quality of life from a convenience sample of new patients to primary care 
dental practice in three countries using the OHIP-26.  The results showed that increasing 
levels of tooth wear (higher BEWE scores) led to lower oral health-related quality of life 
(indicated by higher OHIP-26 scores). Some differences were also observed between the 
patient groups from the different countries, with the relatively older Australian sample 
of participants reporting a lower negative impact with their OHRQoL. Approximately 
one-quarter of the overall sample had signs of moderate tooth wear (total BEWE scores 
9-13). In total, there were 24 participants (7.5%) with a BEWE score of 14 and over and 
showed that within this sample tooth wear was relatively rare, but those with the 
condition were concerned. Although four recruiters undertook data collection amongst 
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UK based patients, there were fewer participants from this country, as the period of 
data collection was shorter. However, the overall purpose and scope of this multi-centre 
study was to primarily allow for diversity of the samples.
Like the current investigation, significant associations have been reported between the 
presence of tooth wear and a negative impact on the OHRQoL [3,7,14,21]. Whilst the 
present study recruited a convenience sample, all participants were first time attenders 
and no prior examination had taken place at the recruiter’s practice and participants 
for levels of tooth wear. It was not possible within the confines of the study to identify 
which new patients declined to participate. Other studies have used convenience 
recruitments from a hospital setting [3,14], and so it would be plausible to believe their 
tooth wear diagnosis would more likely be associated with a higher impact on their 
OHRQoL, because prior knowledge of their condition was present. Although our data 
was adjusted for age and included a full mouth clinical evaluation, (opposed to partial 
screening), no information was collected about the reasons for attendance or prior 
knowledge of a diagnosis of tooth wear. The impact of the different trained recruiters 
undertaking the tooth wear assessments, or the effect of the different populations was 
not investigated. As an additional limitation of the present study, the effects of other 
oral health related conditions that may impact on the OHIP-26 outcomes (such as dental 
caries, loss of a tooth/ teeth, TMD and periodontal disease [19,21]), as well as more 
generalized concerns with oro-facial aesthetics, (such as tooth colour or position) were 
not investigated in the analysis. Although the cohort was diverse and not representative 
of their populations, the results suggest that patients in practice are concerned about 
tooth wear.
In contrast to the outcomes of the present investigation, a study from 2011 involving a 
cross sectional survey of 1010 UK-based university students using the OHIP-49 and the 
Tooth Wear Index (TWI) [22] to carry out quantification, did not report an overall lack of 
impact on oral health-related quality of life from the effects of tooth surface loss [20]. 
Their sample comprised adult university students and staff, 18-30 years old, recruited 
from a non-dental campus who were unlikely to represent the lower socio-economic 
groups [20]. In our study, as a limitation, information was not attained relating to the 
participant’s socio-economic status (such as education and household income), or their 
ethnicity, however, the sample was not limited to a narrower age band and included 
adult patients ranging from 18 to 93 years (mean age 42.6±17.1 years). The socio-
economic cofounder was not controlled in the present investigation; the participants 
were privately funded patients, however, as age is a recognised clinical correlation to 
the rate if tooth wear it was highlighted and adjusted for during the preparation of the 
regression model.  As a further limitation of this study, as an abridged version of the 
‘original’ OHIP-49 was used in this investigation it was not possible to make a direct 
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comparison with other studies that have applied the full OHIP-49 with the view of 
evaluating the effect of tooth wear in the OHRQoL. Whilst use of the full OHIP-49 would 
have allowed a comparability analysis with previous studies and this could form the 
basis for further study, questions from the OHIP-49 were discarded in this investigation 
as many of them did not relate specifically to the condition of tooth wear affecting the 
complete dentition. Further limitations of the present study also include the application 
of a cross-sectional study design with the use of a convenience sample and the lack of 
a reliability assessment amongst the recruiters with the use of the BEWE to assess tooth 
wear.
In the current study, there was an observed relationship between the presence of higher 
BEWE scores and the domain of psychological disability for the overall sample. Other 
studies have also reported an association between severe tooth wear and psychological 
disability [21]. Statements included in the latter domain comprised, feeling tense, 
depressed, embarrassed, and upset, because of their teeth. Such concerns may relate 
to the impact of the compromised appearance of the aesthetic zone [21], which is 
sometimes seen amongst patients with severe anterior tooth wear. The association 
between tooth wear and specific dissatisfaction with oro-facial aesthetics has also 
been reported by several previous investigations [2,3,23]. A more recent study has 
alluded to significant improvements in the OHRQoL and oro-facial appearance scores 
amongst a convenience sample of Dutch patients, with moderate to severe tooth wear, 
where restorative treatment had been provided, due to functional (pain) and aesthetic 
concerns [7].  
The present study also reported a significant association between higher BEWE scores 
and the domains of, functional limitation, physical discomfort, and physical disability 
for the overall sample. Statements relating to these domains include difficulty with 
effective mastication, speech, digestion, food trapping, dental pain, headaches, as 
well as jaw pain. Whilst the present investigation did not record pain or functional 
impairment (only the perceptions to these aspects), functional problems and pain have 
been findings concomitantly reported by previous studies on adult patients with tooth 
wear (inclusive of more severe patterns) [2,3]. These observations are of further interest, 
given that physiological compensatory mechanisms exist, to include the deposition 
of reactionary dentine and dento-alveolar compensation to help reduce symptoms 
of dentine hypersensitivity and to help maintain occlusal contacts, respectively. 
Accordingly, functional problems and pain with tooth wear are perhaps most likely to 
be seen where the rate of tooth wear exceeds what may be offered by the compensatory 
mechanisms [2,24]. Such cases may require further attention, as the rate of wear may be 
rapid and require a more aggressive and vigilant management approach. 
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Despite the limitations of this study, some differences were also observed amongst the 
participants from the differing countries, with the Australia-based participants showing 
significant associations with higher BEWE scores amongst four of the seven OHIP-26 
domains assessed.  For the Malta-based participants, significant associations were 
observed with only one domain, that of functional limitation. However, the participants 
within each sample may not have been not representative of their country. The highest 
mean BEWE scores (7.9±4.5) and mean sample age (51.4±18.1 years) were seen amongst 
the Australia-based participants; in contrast, the Malta group of participants had the 
lowest mean BEWE scores (5.6±4.2) and the lowest mean age (35.6± 11.6 years). As 
tooth wear also takes place as part of the natural physiological aging process, [1] the 
observation of relatively higher levels of tooth wear amongst the Australia-based 
participants, was by no means surprising, however, further (and relevant data, such 
as socio-economic information and the participants socio-behavioral history) was not 
available. 
It was also interesting to observe the lowest mean OHIP-26 score amongst the 
(relatively older) Australian participants, 1.74±0.52, (opposed to a mean OHIP-26 
score, of 1.90±0.47 for the relatively younger Maltese group); higher mean scores 
were associated with poorer OHRQoL. This finding supports a previous investigation 
that compared population samples from the UK and Australia using the OHIP-14 and 
reported a concomitant reduction in the impact of oral health problems with increasing 
age [25]. The latter was postulated to be due to possible reductions in expectation and 
demands with dentition with age, with other general-health related matters taking 
higher priority [14,25]. In the present study, the relatively younger Malta based sample 
of participants, reported a higher negative impact. 
The findings of this investigation have some practical implications. When planning care 
for patients with tooth wear, it would seem appropriate to consider the psycho-social 
impact of the condition on the quality of life alongside the clinical findings. This would 
require careful patient assessment and history taking. With knowledge of restorative 
rehabilitation for cases with severe tooth wear being, costly, time consuming and 
complex [26,27] the rationale for prescribing complex restorative rehabilitation could be 
challenged amongst tooth wear patients, where there may be no reported significant 
adverse impact on their quality of life. Under such circumstances, management could 




Higher levels of tooth wear were found to be significantly associated with a deteriorating 
oral-health related quality of life. Significant associations were reported between a 
variety of the domains included in the OHIP-26 assessment, as well as the overall OHIP-
26 score and higher BEWE scores. 
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THE OHIP-26 QUESTIONNAIRE USED IN THIS INVESTIGATION.
Age  ……………………………
Gender (please circle)  Male / Female
1. Have you had difficulty chewing any foods because of problems with your teeth or 
mouth?
Very often Fairly Often Occasionally Hardly ever Never
    
2. Have you had trouble pronouncing any words because of problems with your teeth 
or mouth?
Very often Fairly Often Occasionally Hardly ever Never
    
3. Have you noticed a tooth which doesn’t look right?
Very often Fairly Often Occasionally Hardly ever Never
    
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4. Have you felt that your appearance has been affected because of problems with 
your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
5. Have you had food catching in your teeth or dentures?
Very often Fairly Often Occasionally Hardly ever Never
    
6. Have you felt that your digestion has worsened because of problems with your 
teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
7. Have you had painful aching in your mouth?
Very often Fairly Often Occasionally Hardly ever Never
    
8. Have you had a sore jaw?
Very often Fairly Often Occasionally Hardly ever Never
    
9. Have you had headaches because of problems with your teeth or mouth?
Very often Fairly Often Occasionally Hardly ever Never
    
10. Have you sensitive teeth, for example, due to hot or cold foods or drinks?
Very often Fairly Often Occasionally Hardly ever Never
    
11. Have you found it uncomfortable to eat any foods because of problems with your 
teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
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12. Have you been self-conscious because of your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
13. Have you felt uncomfortable about the appearance of your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
14. Have you had to avoid eating some foods because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
15. Has your diet been unsatisfactory because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
16. Have you avoided smiling because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
17. Have you had to interrupt meals because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
18. Has your sleep been interrupted because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
19. Have you been upset because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
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20. Have you found it difficult to relax because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
21. Have you felt depressed because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
22. Have you been a bit embarrassed because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
23. Have you avoided going out because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
24. Have you suffered any financial loss because of problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
25. Have you been unable to enjoy other people’s company as much because of 
problems with your teeth?
Very often Fairly Often Occasionally Hardly ever Never
    
26. Have you felt that life in general was less satisfying because of problems with your 
teeth?
Very often Fairly Often Occasionally Hardly ever Never
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Aim To assess the habits of tooth wear risk assessment and charting using a tooth wear 
index, by UK and non-UK dental practitioners. 
Design A questionnaire-based evaluation. 
Methods 302 Completed questionnaires were returned, and the outcomes analysed 
using descriptives, Chi squared and Fisher’s exact test in SPSS. Significance was inferred 
at p <0.05. 
Results Based on a sample of 297 responses, 81% agreed to the need to undertake risk 
assessment for all dental patients attending for a first-time consultation. 59% undertook 
risk assessments for ‘new patients’ previously identified with signs of severe tooth wear. 
The routine use of a clinical index to perform tooth wear charting was described by 
13.5%, with 5% documenting the frequent use of the BEWE tool. Whilst specialist dental 
practitioners/ or those with further post-graduate training were more likely to use a 
tooth wear index (p <0.05), there were no other significant relationships between any of 
the variables in the sample and the practicing habits assessed. 
Conclusion This investigation alludes to good levels of professional awareness of 
tooth wear. However, the need for improvement with the actual undertaking of risk 
assessments for tooth wear and consistency with tooth wear assessment and charting 
was determined. The need for appropriate professional guidance for the undertaking of 
tooth wear assessments is supported by the outcomes of this investigation. 
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INTRODUCTION
Data reporting the prevalence of tooth wear amongst a sample of approximately 3200 
European adults (aged 18 to 35 years) from 7 countries, showed 30% had visible signs 
and the UK had the highest levels of tooth wear [1].  The 2009 UK Adult Dental Health 
Survey (ADHS 2009) described the presence of signs of anterior tooth wear amongst 
77% of their study sample of 5654 dentate adults [2].  The latter also highlighted an 
increase in the proportion of dentate adults with moderate levels of tooth wear (with 
more extensive dentine exposure) to 15%, from 11% recorded in the previous Survey, 
(ADHS 1998). Given that erosive factors usually have an aetiological role, the condition 
is often also termed ‘erosive tooth wear,’ [3]. 
Assessment of tooth wear requires consideration of the risk and protective factors, as 
well as the patient’s clinical examination findings [4]. A risk level is then assigned, the 
patient subsequently advised, and the information used to prepare a personal care plan 
[4,5]. There is, however, a lack of consensus with how clinical tooth wear assessment 
(tooth wear charting) is best performed [6].  Whilst some clinicians elect to undertake 
descriptive qualitative assessments (commonly applying the terms, ‘mild’, ‘moderate’ and 
‘severe’) to record the levels of tooth wear present, such evaluations may be subjective 
[6].  In contrast, quantitative assessments (usually performed using a numerically based 
clinical index, applying agreed grading or scoring based on clinical descriptions) may 
offer better intra and inter-assessor agreement, and help determine deterioration and 
progression with greater reliability [6].  Although a multitude of tooth wear indices 
have been described in the literature, unlike the Basic Periodontal Examination (BPE), 
universal agreement of a tooth wear index in general dental practice, is lacking [7,8]. 
The Basic Erosive Wear Examination (BEWE) was proposed by Bartlett et al in 2008, 
applying many of the concepts of the partial scoring system of the BPE, with the goal 
of introducing an index that would offer the benefits of, convenient screening, ease of 
comparison with other tooth wear indices, raise professional awareness of the condition 
and to assist with decision making when planning care for patients with tooth wear [9]. 
Four levels of grading are defined by this index, thus, ‘0’ - indicating the absence of any 
erosive wear/ normal appearance, ‘1’- the initial loss of surface texture, ‘2’ - the exposure 
of wear involving less than 50% of the surface area and ‘3’ - hard tissue loss greater than 
50% of the surface area.
A PubMed search carried out by Wetselaar et al, 2016, [10], reported the use of 114 
different grading systems (clinical indices) for the quantification of tooth wear, with the 
TWI (Tooth Wear Index) [11], being the most frequently reported system, followed by 
the BEWE and the Lussi index [12]. Whilst the TWI has been widely accepted and utilized, 
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[6,8] it has been described to present challenges with inter-examiner reliability with the 
identification of dentine exposure [13], time consuming to use, and perhaps impractical 
for the routine screening of tooth wear in general dental practice [8].  Furthermore, by 
virtue of excluding heavily restored surfaces from the TWI score, this index may not 
provide an accurate perception of the true clinical condition [8]. 
The BEWE has been reported to offer the ease of use, with good acceptance amongst 
examiners when used to carry out erosive wear assessment [14], as well as providing 
the required levels of, validity, reliability, sensitivity, and specificity that would be 
expected of an index to carry out tooth wear charting, [15-18].  Dixon et al 2012, [8] 
also demonstrated a similar distribution between BEWE and TWI scores, having graded 
approximately 15000 tooth surfaces using both systems. 
This study presents the results following the use of a validated questionnaire, aimed 
to investigate the habits of a convenience sample of dental practitioners with the 
undertaking and perceived need to undertake risk assessments for tooth wear, and 
the use of clinical indices to perform tooth wear charting. Given the prevalence rates 
and epidemiological trends described, the undertaking of appropriate and timely 
assessments may enable the condition of tooth wear to be more effectively managed 
[19]. The study also looked at the participant’s views concerning the application of the 
BEWE tool in clinical practice. 
MATERIALS & METHODS 
Between March 2017 and June 2018, a convenience sample of dental practitioners were 
recruited by seven student volunteers and two academic staff (the nine ‘recruiters’), 
all associated with the MSc in Aesthetic Dentistry programme (AES) at King’s College 
London, Faculty of Dentistry, Oral & Craniofacial Sciences, London, UK. Ethical approval 
was granted from the King’s College London, Research and Ethics Committee, (MR/16/17-
298).  Participants who were fluent in English, were identified by the recruiters as a 
convenient sample of dentists, and approached by another layer of recruiters, such as 
practice managers, or training course leads. The participating dentists were requested 
to complete a printed validated questionnaire that had been piloted amongst a cohort 
of Year 1 MSc AES students (2017 intake, comprising twenty-four dentists), to ensure 
its consistency and accuracy. Participants who were, not dental practitioners, did not 
display a good command of spoken English, unable to complete the questionnaire 
at the material time, or where participation was declined, were excluded. Whilst the 
recruiters were exclusively associated with the AES programme, the participants were 
not. Collection of the responses took place on the same day as distribution. Data was 
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collected by the recruiters in an anonymized manner and returned to the authors, in 
either physical format, or by the electronic scanning of the documents. 
The questionnaire contained 15 questions, relating to the participants practicing habits 
with, performing risk assessments for patients diagnosed with tooth wear attending 
for a first time (new patient) routine dental examination, their level of agreement 
relating to whether they should carry out risk assessments for tooth wear for all new 
patient examinations (irrespective of the severity) and the routine use of a tooth wear 
index to carry out charting. For those who admitted to the frequent use of a tooth 
wear index, additional questions were asked about the practical use of the BEWE tool. 
Examples of the questions are shown by Figure 1 below. Whilst some of the questions 
required yes/ or no answers, many of the questions were based on the Likert’s scale, 
[20] with 5 possible answers.  The participants were also requested to complete general 
demographic questions, such as, their level of experience and post-graduate education, 
the geographical location of their practice and the arrangements under which they 
usually provided dental care (state funded/ or private arrangements). An optional open 
question was also included, to enable the provision of any additional comments. 
Data were analysed using 5.1 SPSS version 22 (IBM Corp., USA) and described as, 
cumulative percentages, frequencies and means. Cross tabulation was used to analyse 
differences between the variables (gender, years of experience post-registration, 
country of practice, specialist/ expert status, whether they were enrolled on a more 
substantial programme of post-graduate education and the arrangements under which 
they most often provided dental care). Chi-squared or Fisher’s exact tests were used to 
investigate the statistical significances between the groups (p<0.05).  Responses to the 




Figure 1. A summary of the Questionnaire used as part of this investigation.
Question number/ question. Response options.
1 For how many years have you been in Dental Practice as a registered practising dentist (with your dental council)?
Less than 5/ Between 5 and 10/ Between 
10 and 15/Between 15 and 20/ 2over 20 
years.
2 Are you? Male/ Female.
3 In which country do you practice? England/ Scotland/ Wales/ Northern Ireland/ Ireland/ Another country.
4 Do you have a dental specialist or an additional substantial qualification (Certificate/ Diploma/ Masters/ Other)?  Yes/ No.
5
If No to Q4, are you currently enrolled on a postgraduate 
programme leading towards a Certificate, Diploma, 
Masters or Specialist level qualification.
Yes/ No.
6 Is your clinical practice predominantly? 
Private direct patient fee paying/ Private 
insurance paying/ UK National Health 
Service - NHS and/or state subsidised.
7
Do you perform a risk assessment for patients with 
severe Tooth Wear attending for new patient dental 
exanimations? 
Yes/ No.
8 Do you think that you should carry out a risk assessment for all new patients with any Tooth Wear?
Strongly agree/ Agree/ Neither agree or 
disagree/ Disagree/ Strongly disagree.
9
When carrying out risk assessments for Tooth Wear, do 
you consistently use an Index to help you determine the 
severity of any disease present? If you have answered NO 
to this question, then please proceed to question 15.
Yes/ No.
10 If you use an index, which of the following do you routinely use? BEWE/ Smith & Knight/ Eccles/ Other
11 Does the BEWE index establish the severity of Tooth Wear? Do you
Strongly agree/ Agree/ Neither agree or 
disagree/ Disagree/ Strongly disagree.
12 Does the BEWE index establish the location of Tooth Wear? Do you
Strongly agree/ Agree/ Neither agree or 
disagree/ Disagree/ Strongly disagree.
13 Does the BEWE index provide guidance for management of patients with Tooth Wear? Do you
Strongly agree/ Agree/ Neither agree or 
disagree/ Disagree/ Strongly disagree.
14 The BEWE is simple to use? Do you Strongly agree/ Agree/ Neither agree or disagree/ Disagree/ Strongly disagree.
15 If you have any further comments regarding this questionnaire then please type in your comments below. (Free text comments)
RESULTS
A total of 461 questionnaires were distributed and 302 responses attained (65.5%) from 
7 countries (England, Scotland, Australia, Greece, Portugal, Belgium, and Sudan). Replies 
from five participants were excluded, because of either not completing all the questions, 
or providing multiple responses, when only a single answer was required, culminating 
in a study sample of 297 participants. Table 1 shows the number of male and female 
participants included within the sample, 150 (50.5%) and 147 (49.5%) respectively. 
Of the 144 (48.6%) UK-based participants, 104 (35.0%) were based in England and 40 
47
A study to investigate habits with tooth wear assessments amongst UK and non-UK dental practitioners
3
(13.4%) were based in Scotland. For the non-UK participants, details of their country 
of practice were not attained. Those with less than 10 years registration in their 
respective country were 157 (52.8%), and 163 dentists (55.0%) reported their practice 
was predominantly government funded (such as the UK National Health Service - NHS). 
There were more than twice as many non-specialists/ non-experts contained within the 
sample 206 (69.3%) than those with specialist qualifications/ additional qualifications 
91 (30.7%), with a further 56 (18.9%) of the former category of participants describing 
the undertaking some further post-graduate training (Certificate, Diploma, Master’s, or 
equivalent), or specialist training programmes.
Table 1. sample demographics.
Category % of sample, n=297 % of sample, n=297
a)  Years post-registration with 
local Dental Council/ Board
Less than – up to 10 years >10 years
52.8% (157) 47.2% (140)
b) Gender Male Female
50.5% (150) 49.5% (147)
c) Country of Practice UK (England & Scotland) Non-UK
48.5% (144) 51.4% (153)




30.7% (91) 69.3% (206)
e)  Currently enrolled on post-
academic courses who said 
‘no’ to Q4
No Yes
50.5% (150) 18.9% (56)
f)  Nature of Practice 
(predominantly) Private State funded
45.0% (134) 55.0% (163)
Table 2 shows that 174 dentists (58.5%) answered ‘yes’ for the undertaking of risk 
assessments for patients with severe tooth wear. There were no statistically significant 
relationships observed between any of the variables included, (p ³0.176). For those 
who accepted the need to undertake risk assessments for all new patients, (Table 3), 
83 dentists (27.9%) strongly agreed and 240 (80.9%), expressed overall agreement 
(strongly agreed and agreed combined). Of these, 119 (40.0%) were male and 121 
(40.7%) were female. No statistical significance was reported between the perceived 
need to risk assess all new patients with any tooth wear and the variables of, years of 
experience (p=0.194), the presence of additional training/ qualifications (p=0.873), or 
the undertaking of further post-graduate training (p=0.430). 
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Table 2.  Breakdown by category for those that answered ‘yes’ for the undertaking of 
risk assessment for patients with severe Tooth Wear attending for new patient dental 
examination. 
Category % of sample, n=297 % of sample, n=297
a)  Years post-registration with 
local Dental Council/ Board Less than – up to 10 years >10 years
29.6% (88) 28.9% (86)
b) Gender Male Female
29.2% (87) 29.2% (87)
c) Country of Practice UK (England & Scotland) Non-UK
29.2% (87) 29.2% (87)




16.8% (50) 41.7% (124)
e)  Currently enrolled on post-
academic courses who said 
‘no’ to Q4
No Yes
44.7% (92) 15.5% (32)
f)  Nature of Practice 
(predominantly) Private State funded
25.5% (76) 32.9% (98)
Table 3.  Breakdown by category for those that answered ‘strongly agree and agree’ for the 
perceived need to carry out a risk assessment for all new patients with any Tooth Wear.
Category % of sample, n=297 % of sample, n=297
a)  Years post-registration with 
local Dental Council/ Board Less than – up to 10 years >10 years
43.0% (128) 37.7% (112)
b) Gender Male Female
40.0% (119) 40.7% (121)
c) Country of Practice UK (England & Scotland) Non-UK
37.9% (113) 42.6% (127)




24.5% (73) 56.2% (167)
e)  Currently enrolled on post-
academic courses who said 
‘no’ to Q4
No Yes
57.3% (118) 23.7% (49)
f)  Nature of Practice 
(predominantly) Private State funded
36.7% (109) 44.1% (131)
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Only forty dentists (13.5%) recorded the consistent use of a clinical index for tooth 
wear grading, with 15 dentists (5.0%) using the BEWE. Table 4 shows those participants 
who reported the frequent use of a clinical index. No statistical significance was seen 
between the use of an index and the variables of, the years of experience (p=0.824), or 
having undertaken any further post-graduate training (p=0.367). However, a significant 
relationship was observed between the use of a clinical index for tooth wear charting 
and participants who were also registered specialists/ or holding further post-academic 
qualifications (p=0.042). 
Table 4. Summary of participants that consistent use an index to determine severity when 
carrying out risk assessment for Tooth Wear.   
Category % of sample, n=297 % of sample, n=297
a)  Years post-registration with 
local Dental Council/ Board Less than – up to 10 years >10 years
7.7% (23) 5.7% (17)
b) Gender Male Female
7.5% (21) 6.3% (19)
c) Country of Practice UK (England & Scotland) Non-UK
9.4% (28) 4.0% (12)




6.0% (18) 7.4% (22)
e)  Currently enrolled on post-
academic courses who said 
‘no’ to Q4
No Yes
6.3% (13) 4.3% (9)
f)  Nature of Practice 
(predominantly) Private State funded
4.4% (13) 9.1% (27)
DISCUSSION 
A convenience sample of dental practitioners reported a relatively high level of agreement 
(more than 80%) with the importance of undertaking tooth wear risk assessments for all 
new dental patients attending for a first-time examination (irrespective of the tooth wear 
diagnosis). However, just under 60% of the sample reported performing a regular risk 
assessment for tooth wear for new patients.  Only 13.5% of the participants reported the 
routine use of a clinical index. This study shows support for a routine tooth wear assessment. 
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A questionnaire may provide an estimate of the practicing trends; however, it is by no 
means optimal or free of inaccuracy, especially considering the risk of giving socially 
desirable responses (that cannot be readily measured). The questionnaire applied, also 
offered the option of three types of tooth wear index; this may have had the effect 
of increasing the risk of prompting a particular response – ‘confirmation bias.’ The 
participants could neither be representative of the dental profession in each country, 
however, the data determined provides an indication of the attitudes of dentists on 
routine assessment for tooth wear.  
To determine the core items that should be recorded as part of the new patient dental 
examination, Newton et al, 2019, [21] reported 75% of their sample (n=2840) having 
perceived the relevance of undertaking tooth wear examination, as an ‘essential’ 
item. These findings compare with the outcomes of the present investigation, where 
amongst a cohort of 297 dentists, 80.9% reported agreement for the need to undertake 
risk assessments for all dental patients attending for a first-time examination. Accepting 
the limitations of the study, these heightened rates of agreement may be indicative of 
the increased awareness of the condition of tooth wear amongst dental professionals. 
In the present study, only 58.5% reported performing a risk assessment for tooth wear 
for new patients who had already been identified with signs of severe tooth wear. As 
part of a study by O’Toole et al 2018, [3] 65% of the clinical records of newly qualified 
(foundation dentists, FD’s) and 9.5% of the records of more senior colleagues included 
documentation of risk assessment for tooth wear. Based on the results of the latter 
investigation and the present study, (accepting differences in methodology), the 
proportion of dental practitioners undertaking clinical tooth wear risk assessments may 
be considerably lower than those who accept the overall importance of doing so. In the 
present study, the difference was of 22.4%.
There may be a plethora of reasons to account for the above disparity, to include some 
of the available Guidelines for risk assessment, [4] that have traditionally placed greater 
emphasis on advice relating to the need to undertake and record risk assessments for, 
dental caries, periodontal disease, and oral cancer. An additional factor may be the risk 
of litigation, or a professional regulatory challenge. A survey undertaken by a dental 
indemnification provider, Dental Protection, MPS, reported three-quarters of the 
dentists surveyed, describing their manner of practice being influenced by the fear of 
being sued [22].  The same research listed the diagnosis of dental caries, periodontal 
disease, and the outcome of endodontic treatment to be the key areas associated 
with the highest levels of clinical negligence claims [22].  With the lack of heightened 
claims relating to tooth wear diagnosis and management, it is conceivable that dental 
practitioners may inadvertently be placing greater emphasis on other forms of oral-
dental disease, with tooth wear assessment being somewhat sidelined. 
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This study (with one exception, as discussed below) did not report any significant 
association (p <0.05) between any of the variables within the sample, with either, 
the perceived importance to carry out risk assessments, or their actual undertaking 
amongst patients known to have severe tooth wear. Whilst it may have been logical 
to have expected dental practitioners who were more experienced participants, as 
well as those who had received further dental post-graduate professional training/ or 
undergoing such activity to have demonstrated higher rates for the undertaking of risk 
assessments, the results obtained in this study were not supportive of these assertions. 
These findings contrast to those of O’Toole et al, 2018, [3] where the more experienced 
(UK-based) dental practitioners were 16 times less likely to record the undertaking of 
risk assessment for tooth wear than their newly qualified colleagues. 
The lack of a significant difference between dental practitioners working under 
government funded and private arrangements also reported in the present 
investigation, was neither expected, especially with the latter more likely to have more 
disposable clinical time to enable the taking of such assessments. However, given 
that the activity of government funded practitioners may be subject to further tiers 
of regulatory compliance, with the possible expectation to carry out and record tooth 
wear assessment, this may have counterbalanced the expected observation. The lack 
of significant influence of post-graduate training for the undertaking of clinical tooth 
wear risk assessment, (highlighted by the responses to the voluntary question, Q15), 
may be due to some of the participants reporting their clinical practice being limited 
to non-restorative fields, concomitantly, only accepting cases on referral. Under such 
circumstances, it is often assumed that such assessments would have been completed 
by the referring dentist. Accordingly, many of these participants commented not feeling 
compelled to undertake tooth wear risk assessments as part of their clinical practice. 
However, it would appear as if a greater proportion of the sample who were in the 
process of undertaking further training (87.5%, 49 dentists, n=56), perceived the need 
to undertake risk assessments for patients when a more severe pattern of wear was 
established. It was noted that many of the dentists included in this contingent were 
indeed students enrolled on restorative-dental training courses, (such as the AES 
training programme). 
Only a minority of the present cohort, 13.5% reported the routine use of a clinical 
index. The lack of the use of a tooth wear index does not however, preclude any 
clinical assessment from having been carried out. O’Toole et al, 2018, [3] also alluded 
to the infrequent recording of tooth wear charting in the clinical notes of the UK-dental 
practitioners evaluated, with a range from 5% to 48% for more senior dentists and FD’s 
respectively. To some extent, these observations may be explained by the deficiency of 
explicit guidance for clinical tooth wear charting [23].
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Although only a minority of the participants reported the frequent use of a clinical 
index, the use of such an index amongst specialist practitioners or dentists with further 
post-academic qualifications, was significant (p<0.05). The latter observation is self-
explanatory, especially amongst dentists with their clinical practice limited to restorative 
dentistry. Furthermore, as evidenced by Table 4, UK dentists and those working under 
the arrangements of government funded dental care were also more likely to use an 
index than their counterparts. Given the documented anxiety experienced by dental 
practitioners in the UK, especially in relation to medico-legal considerations, [22] 
it is not indeed uncommon to observe younger dental colleagues’ adopting a more 
defensive approach to their clinical practice, especially with the keeping of complete 
and contemporaneous clinical records. 
Whilst O’Toole et al 2018, [3] reported the BEWE to be the most common screening 
tool to be used in their UK-based study, in the present investigation, only 5% of the 
participants documented the routine use of this tool, with a higher number of the 
participants (6.7%), reporting the use of the TWI as their preferred index of choice.  There 
are of course, some clear differences between both latter indices, with the TWI requiring 
the undertaking of a full mouth assessment, using a five-point ordinal scale for each 
tooth assessed. Whilst it was expected to see most of the participants using the TWI 
to be of an academic, research, or specialist practice background, it was interesting to 
note that most of the UK participants who agreed to the routine use of this index (11/16) 
did not report having any further substantial post-graduate qualifications/ or training 
or were indeed in the process of undergoing further post-graduate training.  The lack 
of any participants reporting the use of the Eccles Index was by no means unexpected, 
with this index having been superseded by many others since its introduction [24]. 
As a limitation of this study, details of the ‘other’ types of index routinely used by the 
participants were not recorded. 
In relation to the application of the BEWE tool in dental practice, the findings of this 
study have been summarized by Table 5. The data is viewed with caution, especially 
considering the low number of participants who agreed to the routine use of this index. 
However, it was observed that there was no greater than 60% consensus with any of the 
questions posed. Some of the additional comments provided by the participants are 
noteworthy, and included remarks such as the BEWE, not providing a clear distinction 
between a grossly worn dentition and that of one displaying hard tissue loss of slightly 
more than 50% of the surface area, or sufficiently explicit prosthodontic treatment 
planning advice for patients with higher risk levels (cumulative BEWE score of 14 and 
over). Given the intentions of the BEWE tool, as discussed above, these comments 
perhaps reflect the lack of understanding of the purpose of this index, as well as its lack 
of practical application by the more infrequent users. 
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Table 5. Use of the BEWE in practice (n=40 participants)
Question.











severity of TW? 5.0% (2) 55.0% (22) 60.0% (24) 40.0% (16) 0.0% (0) 0.0% (0)
Establish the 




5.0% (2) 45.0% (18) 50.0% (20) 40.0% (16) 10.0% (4) 0.0% (0)
Offer simplicity 
of use? 12.5% (5) 45.0% (18) 57.7% (23) 37.5% (15) 5.07% (2) 0.00% (0)
CONCLUSIONS
This questionnaire-based evaluation of the habits of UK and non-UK based dental 
practitioners with tooth wear risk assessment and index-based charting, demonstrated 
promising outcomes relating to their perceived agreement to risk assess for tooth wear. 
However, the dental practitioners included, were less likely to perform clinical risk 
assessments despite knowledge of the presence of severe tooth wear. Only a minority 
reported the routine use of an index to carry out tooth wear charting.
The need for clear professional guidance for the undertaking of an appropriate tooth 
wear examination and risk assessment as part of the overall oral health assessment, is 
supported by the results of this investigation. The raising of the profile of a simple tooth 
wear index with higher clinical utility (such as the BEWE) may also help to protect the 
dental profession from future litigation.
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Objective : To investigate the impact of an e-training resource with the consistency of 
tooth wear scoring using the Basic Erosive Wear Examination (BEWE).
Methods:  Gold standard (GS) BEWE scores were attained from a trained examiner using 
the photographic and dental cast records for three conveniently selected cases (A, B 
and C). Four successive cohorts of first year post-graduate students, (n=76, mean age, 
35.4 years) undertook a training exercise. Only initial simple written guidance on using 
the BEWE was given. Records were provided for each case and scored independently. 
Following training, scoring was repeated. Results were expressed as mean values, 
Confidence Intervals, (95% ci) and p-values (values <0.05 were considered statistically 
significant).
Results: Six participants (7.9%) reported using the BEWE. Training resulted in a mean 
improvement in the agreement with the GS score by 15.6% and 15.3% using the records 
of case’s B  and C, (cumulative BEWE scores of 13 and 15 respectively). Significant post-
training reductions were reported in, the mean number of disagreements with the GS 
and the mean change in the size and direction of scoring towards the GS scores with 
records of cases B and C , (p=0.001 and p <0.001) respectively. Using the records for case 
A (cumulative BEWE score of 0), training did not result in any significant improvements.
Conclusion: Significant improvements in the agreement of scoring with the GS BEWE 
scores were observed using the records of cases with higher levels of wear.
Clinical relevance: Online training resources may help provide training with the BEWE.
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INTRODUCTION
Increasing concern about erosive tooth wear is supported by epidemiological data 
[1,2,3]. Visible signs of erosive tooth wear were observed on the buccal and lingual 
surfaces from 29% of a sample of 3187 adults aged 18-35 years, from seven European 
countries [4]. As the progression of tooth wear is preventable, [5] a timely and accurate 
diagnosis should allow targeted advice to prevent severely worn dentitions [6,7,8].
To assist the diagnosis of erosive tooth wear, quantitative assessments may be 
performed using clinical indices with numerical scales, with scoring based on agreed 
clinical descriptions [9,10]. With the aim of introducing an index that would offer, 
convenience with screening, help raise professional awareness of tooth wear and assist 
with decision making when planning care, the Basic Erosive Wear Examination (BEWE) 
was introduced in 2008, applying many of the concepts utilized by the partial scoring 
system of the Basic Periodontal Examination (BPE) [11]. The undertaking of the BEWE 
assessment, involves dividing the oral cavity into sextants; the tooth surface with the 
most severe level of wear is identified and a score assigned to represent that sextant. 
Teeth, or surfaces, with evidence of trauma and/or developmental defects, are excluded. 
Four levels of grading are defined by this index, thus, ‘zero,’ alluding to the absence of 
any erosive wear/ normal appearance, ‘one’- the initial loss of surface texture, ‘two’ – 
the exposure of wear involving less than 50% of the surface area, and ‘three’ - hard 
tissue loss greater than 50% of the surface area. Upon the completion of the screening 
process, the sextant score may be tallied to give a  cumulative score from 0 to 18. The 
cumulative scores can be used to describe four levels of complexity, thus Complexity 
level 0 – a cumulative score less than or equal to 2, Complexity level 1 – between 3 and 
8, Complexity level 2 – between 9 and 13 and Complexity level 4 – 14 and over [12]. The 
complexity levels have been matched to interventions that  may be used to assist with 
the overall management of the condition, [12].
The BEWE has been reported to offer the ease of use and good acceptance amongst 
assessors where it has been used for epidemiological studies, [13, 14]. The required 
levels of validity, reliability, sensitivity, and specificity provided by the BEWE, have been 
demonstrated by further studies that have made comparisons with other clinical indices 
[15,16,17]. Furthermore, the validation of the BEWE sextant cumulative score has also 
been reported, emphasising the merits of a partial scoring system [18]. However, the 




Calibration of the assessor(s) is imperative to ensure the appropriate application of a 
clinical index to quantify the level of tooth wear present [15]. Calibration requires the 
provision of suitable examiner training. This may be delivered by online e-learning 
training, or by clinical supervision. The latter is costly and has been shown in 
epidemiological studies to be reliable, however there is no data on training for general 
practitioners. The aim of this study was to investigate the impact of e-training with the 
consistency of using the BEWE when undertaking scoring of tooth wear using clinical 
photographs and gypsum casts amongst a group of post-graduate dentists based in 
the primary care sector. 
MATERIALS & METHODS 
Scoring index and clinical data
The Basic Erosive Wear Examination (BEWE) [11] was used as the grading system 
to determine the levels of tooth wear for three subjects (A, B and C) with minimally 
restored dentitions but displaying varying levels of tooth wear of severity (low, medium, 
and severe) and complexity [12]. These cases were selected from a pool of patients 
attending a dental practice, based in the primary care sector in the South East of 
England. The cases were conveniently selected to represent a broad spectrum of erosive 
tooth wear, from minimal to severe levels that would satisfy the overall purpose of the 
educational exercise, which was to evaluate the learning potential with the use of the 
BEWE. BEWE assessments were performed by a trained examiner, using the intra-oral 
clinical photographs and dental casts records attained for each case and ‘gold standard’ 
(GS) scores determined. Full written consent was attained by the three patient cases for 
the use of their dental cast and photographic records as part of this investigation. Case 
A had GS sextant scores of 0/0/0-0/0/0, a cumulative BEWE score of, ‘0’ and a Complexity 
level of 1. Case B had individual sextant GS scores of 2/2/2-2/3/2, a cumulative BEWE 
score of 13 and a Complexity level of 2, and case C, sextant GS scores of, 2/3/1-3/3/3, a 
cumulative BEWE score of 15 and a Complexity level of 3, [12]. Photographic views of the 
patient records are included in the Supplematry Materials. 
Four successive cohorts of post-graduate, Year 1 students, (in total n=76, 34 males 
(44.7%) and 42 (55.3%) females, age range of 27 - 52 years with a mean age of 35.4 
years) enrolled on the three-year MSc in Aesthetic Dentistry programme (AES) at King’s 
College London, Faculty of Dentistry, Oral & Craniofacial Sciences, UK (2015 to 2018 
inclusive) were invited to take part in a tooth wear assessment training exercise. Of the 
participants, 34 (44.7%) undertook their clinical practice in the UK, 16 (21.0%) in Australia 
and 13 (17.1%) in EU counties excluding the UK. Ethical approval was not required, as the 
exercise was carried out for educational purposes and the data reviewed retrospectively. 
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The participants were attending a 10-day, face-to-face residential training session at 
Kings College London. Each participant had at least 2 years-experience in primary 
dental care and those from overseas had a minimum IELTS (in full) of 7.0. 
The training exercise took place in a seminar room. No prior formal training had been 
provided by the course tutors on this topic. Each participant was supplied with simple 
written guidance on using the BEWE and a set of instructions on how to undertake 
the assessment prior to the commencement of any scoring. Printed work sheets were 
also provided for the students to record their BEWE sextant tooth wear scores, pre- 
and post-training using for each case.  The seminar room was divided into three rows 
and each row was supplied with two sets of dental casts for each patient case. Clinical 
photographs were provided for each case and displayed on a projector in the seminar 
room. Participants were requested to undertake tooth wear quantification using the 
BEWE, without discussion and two minutes were permitted for each arch per case. 
The records for case A were initially displayed, followed by those for cases B and C 
respectively. All participants in each cohort undertook the assignment in one seating and 
recorded their outcomes on printed work sheets.  The same room, lighting and facilities 
were used on each occasion, applying the same protocol. The participants were then 
shown an open access online BEWE-training video (www.erosivetoothwear.com) and 
the grading repeated in the same manner (and on the same day), with casts and images 
for all three cases being presented in the same sequence as before. Students were also 
encouraged to ignore their pre-treatment scores. The participants were requested to 
indicate whether they undertook tooth wear charting using the BEWE in routine dental 
practice on their work sheets. Demographic data was not attained, due to the nature of 
the exercise. All work sheets were completely unidentifiable and anonymous.
Statistical analyses
In total, three different views on the change in the performance of the participants post 
training are presented. In all cases, comparison with the GS score was central. With the 
first two analyses, the comparison with the GS score was simplified to agreement, as 
either ‘yes’ or ‘no.’ In the first analysis, the % of the sample reporting disagreement with 
the GS score (on a sextant basis) pre- and post-training was evaluated. This information 
was used to determine the % improvement in the agreement per sextant. In the second 
analysis, the number of disagreements with the GS score for each participant, pre- and 
post-training were determined. The third analysis focussed on the net size of the scoring 
and the direction of the change with the GS score .Thus, in the case of a participant 
reporting a pre-training cumulative BEWE score of 6 and a post-training cumulative 
BEWE score of 3 where the cumulative BEWE GS score for that case was 0, this would 
represent a change in the scoring by, 3 ((6-0) - (3-0) = 3). Likewise, a participant with pre- 
and post-training cumulative BEWE scores of 12 and 8 respectively and a cumulative 
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BEWE GS score of 11, this would represent a change in the size of scoring of, 4 ((12-11) 
- (8-11) = 4). A net negative difference would suggest a tendency towards underscoring, 
whilst a net positive difference, would indicate over-scoring. In  theory, the range  is 
between -18 and +18, and  this is presented as the distribution of the % changes pre-
post training. 
As the first analysis was purely descriptive, no statistical analyses are performed. 
However, for the other analyses, for each case, the sum of the errors per participant 
pre- and post-training were compared with paired t-tests. Results are expressed as 
mean values, Confidence Intervals, (95% ci) and p-values (values <0.05 were considered 
statistically significant). Data were analysed with SPSS version 24 (IBM Corp., USA). As 
a sensitivity analysis, in addition to the analyses of all participants, all analyses were 
repeated with the exclusion of those that had reported the use of the BEWE in clinical 
practice. 
RESULTS
Table 1 shows the first analysis for the results, pre- and post-training. The scores given are 
compared with the GS score. The percentage of disagreement per sextant is presented. 
Applying the records of case A, the post-training change in the level of agreement 
with the GS score ranged from -7.9% (S5) to 10.5% (S1), with a negligible overall mean 
improvement in the agreement with the GS score of 0.4%. Using the records for case B, 
the level of improvement in the agreement with the GS score ranged from 1.4% (S6) to 
23.7% (S5), with an overall mean improvement of 15.6%. For case C, the improvement 
ranged from -10.6% (S3) to 35.5% (S6), with a mean improvement of 15.3%. 
The second analysis shows the distribution of the participants over the range of errors 
they could have made (between 0 and 6) for the records of cases A, B and C (Figure 1). 
For the records of case A, no statistically significant reduction was found in the mean 
number of errors, 3.2 ± 2.1 pre- to 3.1 ± 2.0 post-training (p = 0.912; 95% ci = [-0.45…
0.50]) respectively. For records of cases B and C, a significant decrease in errors was 
found between the pre- and post-training, changing for case B from 2.6 ± 1.9 to 1.7 ± 
1.9 (p <0.001; 95% ci = [0.39…1.48]), and for case C from 3.5 ± 1.1 to 2.5 ± 1.2 (p <0.001; 
95% ci = [0.58…1.26]).
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Table 1. An overview of disagreement with the Golden Score of pre- and post-training and 
the improvement in the agreement per sextant (S).
Pre-training Post-training   
Disagreement with GS (%) Disagreement with GS (%) Improvement in agreement (%)
 S1 S2 S3 S1 S2 S3 S1 S2 S3
Patient A 35.5 65.8 40.8 25.0 71.1 38.2 10.5 -5.3 2.6
 64.7 50.0 59.2 63.2 57.9 57.9 1.5 -7.9 1.3
 S6 S5 S4 S6 S5 S4 S6 S5 S4
 S1 S2 S3 S1 S2 S3 S1 S2 S3
Patient B 46.1 50.0 52.6 23.7 35.5 30.3 22.4 14.5 22.3
 38.2 34.2 39.5 36.8 10.5 30.3 1.4 23.7 9.2
 S6 S5 S4 S6 S5 S4 S6 S5 S4
 S1 S2 S3 S1 S2 S3 S1 S2 S3
Patient C 42.1 68.4 86.8 44.7 42.1 97.4 -2.6 26.3 -10.6
 65.8 14.5 68.4 30.3 3.9 35.5 35.5 10.1 32.9
 S6 S5 S4 S6 S5 S4 S6 S5 S4
Figure 1:  Percentage of participants that made 0-6 errors pre- and post-training per 
patient
Patient A Patient B Patient C











0 13.2 11.8 10.5 27.6 0.0 0.0
1 13.2 13.2 27.6 28.9 1.3 18.4
2 14.5 14.5 15.8 17.1 23.7 39.5
3 15.8 17.1 13.2 10.5 19.7 15.8
4 9.2 14.5 13.2 9.2 40.8 22.4
5 15.8 11.8 9.2 3.9 11.8 3.9
6 18.4 17.1 10.5 2.6 2.6 0.0
    
Mean number 
of errors per 
participant (sd)
3.16 ± 2.07 3.13 ± 1.98 2.61 ± 1.88 1.67 ± 1.60 3.46 ± 1.10 2.54 ± 1.15
p-value p=0.912 p=0.001 p<0.001
95% ci for diff [-0.45…0.50] [0.39…1.48] [0.58…1.26]
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In the third analysis, changes in the net size and direction of the scoring with the GS 
score per sextant per case pre- and post-training (%) are presented (Figure 2). Looking at 
all participants and patient records, the distributions of the deviations varied between 
-9 and +13. For the records of case A, training did not result in a significant difference 
(mean difference -0.487, p=0.167; 95% ci [-1.18…0.208]), whereas for the records of 
case B and C, the mean difference in scoring significantly increased post-training (1.28, 
p=0.001; 95% ci = [0.544…2.01], and 1.72, p <0.001; 95% ci [1.05…2.40]) respectively.
Figure 2: Changes in size of misclassification (%) of pre- and post-training
Change in size of misclassification Patient A (%) Patient B (%) Patient C (%)
6 1.3 1.3 0
5 3.9 2.6 0
4 1.3 1.3 0
3 9.2 2.6 0
2 5.3 6.6 7.9
1 15.8 9.2 9.2
0 19.7 18.4 22.4
-1 10.5 17.1 28.9
-2 13.2 14.5 14.5
-3 3.9 5.3 11.8
-4 6.6 13.2 3.9
-5 5.3 3.9 1.3
-6 1.3 3.9 0
-9 1.3 0 0
-11 1.3 0 0
Mean disagreement pre-training (sd) 4.05 ± 3.31 2.76 ± 2.15 3.96 ± 1.12
Mean disagreement post-training (sd) 3.57 ± 2.51 1.75 ± 1.71 3.05 ± 1.21
p for difference 0.167 0.001 <0.001
95% CI of the difference [-0.21…1.18] [0.42…1.61] [0.55…1.27]
For the scoring done using the records for case A, as all the disagreeing scores were 
above the GS score, an overestimation of tooth wear was observed in this case both 
pre- and post-training. For assessments done using the records for case B and case C, 
an underscoring was observed. Post-training resulted in a change in the direction of 
scoring was much closer to the GS score (mean sum score = 0).
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The main finding of this study was, the use of the online BEWE-training video resulted in 
a significant improvement in the agreement of tooth wear scoring using the BEWE tool 
with the gold standard scores, using the records of two cases showing relatively higher 
levels of tooth wear, case B (cumulative BEWE score of 13) and case C (cumulative BEWE 
score of 15). The effect was consistent using the different data analyses performed. With 
cases (B and C), there was a tendency towards underscoring at the pre-training stage. For 
the assessments carried out using the records for case A (cumulative BEWE score of 0), the 
online training did not result in a significant improvement in the agreement with the GS 
score, with an overestimation of the tooth wear was scoring at the post-training stage.
The participants were experienced dentists, with a larger representation from the U.K. 
However, the majority of the participants (92.1%) had no prior practical experience 
of the BEWE. With virtually no difference in the scoring outcomes between the six 
participants who had prior practical experience with the BEWE and the remaining 
seventy participants, data for the full group was considered. 
The BEWE index was created to also enable scoring on cast models, [11, 19]. The precise 
reason for the observations with the records of case A are unknown, however, they were 
not surprising given the lack of availability for clinical assessment for the participants. 
Clinical assessment of the dental hard tissues allows subtle colour and tactile changes to 
be detected that may accompany the wear process. This information can help the clinician 
make a distinction between the absence of clinical wear and signs of early tooth wear 
[20,21]. However, such changes cannot always be detected using indirect methods for 
assessment, such as study models and photographic records. Low to moderate agreement 
with the use of such indirect methods with clinical examinations to carry out scoring with 
different dental indices has been reported previously [22,23,24]. Furthermore, challenges 
with the accurate grading of the signs of early tooth wear (limited to the enamel layer, 
especially initial lesions) have also been reported by former investigations, where the 
BEWE has been used to undertake grading using study casts, [15] or clinical photographs 
[16]. The records for case A provided an example of a Complexity level 0; as a limitation of 
this study, a patient example representative of Complexity level 1 was not included. Three 
cases were chosen for an educational task showing varying levels of severity. 
The lack of improvement in the agreement of scoring with the GS score using the records 
for case A may also have been accounted for by the possible lack of sensitivity offered by 
the BEWE tool for the assessment of early wear. The standard of the training offered by the 
online BEWE-training video (especially for the assessment of cases with no wear/ or initial 
tooth wear) may have also been influential, however, further information is not available. 
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The present investigation reported an overall significant improvement in the agreement 
of tooth wear scoring with the GS score post-training, using the photographic records 
and dental casts for the cases displaying moderate and more severe tooth wear. More 
severe patterns of tooth wear are likely to be noticeable using such indirect methods, 
compared to patterns of early wear. However, with assessments performed using the 
records of cases B and C, at some of the sextants, the effect of training was either minimal, 
or negative. For the assessments carried out on the records for case C, as seen by Table 
1, the viewing of the online BEWE-training video culminated in a reduction in the mean 
level of agreement with the GS score at Sextant 3 (maxillary left posterior, S3) by 10.6% 
and at Sextant 1 (maxillary right posterior, S1) by 2.6%. Likewise, an increase in the level 
of agreement with the GS by 1.4% was seen post-training for the assessments performed 
at Sextant 6 (lower right mandibular, S6) for case B. At each of these sextants (case B – S6 
and case C – S1 and S3) the tooth wear present, was predominantly involving the non-
occlusal/ non-incisal surfaces. Previous investigations have reported considerably lower 
reliability with scoring at the non-occlusal/ non-incisal surfaces applying the Tooth 
Wear Evaluation System (TWES) to perform grading using dental study casts alone 
[25], as well as with clinical photographs [26]. This may suggest greater challenges with 
the consistency of undertaking of tooth wear scoring at the non-occlusal/ non-incisal 
surfaces using study casts and photographs. Other studies have also reported more 
favorable outcomes in with the reliability of grading at the occlusal/ incisal surfaces, 
using dental casts [27]. As a limitation of this study, whilst the records for case’s B and 
C provided examples of Complexity level 2 and 3, [12] the disparity in their cumulative 
scores was by a level of 2 . As this research was done by the retrospective analysis of 
student work sheets for an academic task and the patient records were conveniently 
selected form a private practice over the course of a single day to reflect three levels 
of severity, in hindsight, it would have been optimal to have selected cases to better 
reflect the various complexity levels described by the BEWE tool, [12].  
There are some further limitations with the present investigation. Given that the data 
collected were intended for educational purposes and this research was based in the 
retrospective review of information , further demographic details were not requested 
and recorded. Overall information relating to participant’s age, sex  and county of 
professional practice of the was attained by retrospective assessment of the student 
information held on an administrative data base. As all of the printed work sheets 
were completely anonymised, it was not possible to relate the tooth wear assessment 
outcomes with any demographic data.  The effect of the demographic information 
to include the impact of the level of clinical experience of the participants on the 
outcomes of this investigation is unknown. It is also likely, that some of the participants 
may have had some theoretical knowledge of this index at the pre-training stage 
(however, without practical experience); this was neither recorded. The participants 
also undertook post-training evaluations the same day. If it had been possible, a two-
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week interval between the taking of the assessments would have been optimal. The 
latter  time frame has been described to be sufficiently adequate to allow the impact of 
any knowledge retained by the observers when undertaking their initial scoring to be 
lost [28]. However, given that the participants were attending a 10-day block training 
session, it was not feasible to perform re-assessments in the same manner after a period 
of at least two weeks. Loss of memory of the information given may have resulted in an 
alteration in the change in the consistency with calibration with the GS score, however, 
whether this may have resulted in under/ or over-scoring, is unknown. Information was 
not collected about the student’s likely impact of their scores, pre- and post-training on 
their decision for treatment planning for each case; this would be a consideration for 
further studies. 
With the increasing popularity of intra-oral scanners in the primary care sector and 
evidence for such technology to display the capacity to reliably detect the progression 
of tooth wear [29,30,31]  the importance of training and calibration with a given clinical 
tooth wear index, may reduce in the long term. However, the importance of a clinician’s 
scope   to undertake intra- or extra-oral scoring accurately and consistently both inter 
and intra-examiner, is not likely to diminish in the coming years. 
CONCLUSIONS
Within the limitations of this study, the viewing of the online BEWE-training video 
led to a significant improvement in the agreement in scoring with the gold standard 
score when applying the BEWE index to perform tooth wear assessment. The extent 
of the impact was dependent on the levels of tooth wear present and tooth surfaces 
affected. The online training resource may serve to be of benefit for the training of 
dental practitioners with the use of the BEWE index to undertake tooth wear charting 
in routine clinical practice.
CLINICAL RELEVANCE
With tooth wear being more frequently encountered in the primary care setting, it would 
seem prudent to screen for this condition on a routine basis and keep appropriate clinical 
records. A tooth wear index may be used to assist with this process. However, given that the 
use of an index may not be widely taught in many dental schools, the use of a calibrated 
tool and suitable training is essential to ensure its proper use. The use of an appropriate 
form of online training resource may enable effective education to be delivered in a time 
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Background: The Tooth Wear Evaluation System (TWES) is a type of tooth wear index. 
To date, there is the lack of data comparing the reliability of the application of this index 
on gypsum cast records and digital greyscale intra-oral scan records. 
Objectives: A comparative evaluation between the use of gypsum cast records and 
digital grayscale intra-oral scan records with the reliability of tooth wear scoring using 
the TWES amongst a group of patients with tooth wear. 
Methods: Records for 10 patients with moderate to severe tooth wear (TWES ≥ 2) were 
randomly selected from a larger clinical trial. TWES grading of the occlusal/incisal, 
buccal and palatal/lingual surfaces was performed to determine the levels of intra- and 
inter-observer agreement. Intra-observer reproducibility was based on the findings of 
one examiner only. For the inter-observer reproducibility, the findings of two examiners 
were considered. One set of models/ records were used per patient.  Cohen’s weighted 
kappa (k
W
) was used to ascertain agreement between and within the observers. 
Comparison of agreement was performed using t-tests (p<0.05).
Results: For the scoring of the of the total occlusal/incisal surfaces, the overall levels of 
intra- and inter-observer agreement were significantly higher using the gypsum cast 
records than with the digital greyscale intra-oral scan records, (p<0.001) and (p <0.001) 
respectively.  For the overall buccal surfaces, only a significant difference was found in 
the intra-observer agreement using gypsum casts, (p = 0.013). For the palatal/lingual 
surfaces, a significant difference was only reported in the inter-observer agreement 
using gypsum casts, (p = 0.043). At the occlusal/incisal surfaces, grading performed 
using gypsum casts, culminated in significantly higher TWES-scores than with the use 
of the digital greyscale intra-oral scans (p<0.001). At the buccal and palatal/lingual 
surfaces, significantly higher wear scores were obtained using digital greyscale intra-
oral scan records (p<0.009). 
Conclusions: The TWES can offer a reliable means for the scoring of wearing occlusal/
incisal surfaces using gypsum casts. The reliability offered by digital greyscale intra-oral 
scans for consecutive scoring was in general, inferior. 
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BACKGROUND
In 2018, an estimated mean global prevalence of erosive tooth wear in permanent teeth 
between 20% to 45% was described [1]. Tooth wear can result in a variety of dento-
facially related symptoms, to include, aesthetic impairment, sensitivity, pain, discomfort 
and/ or functional problems [2,3]. More severe forms of tooth wear may also have an 
adverse impact on a patient’s quality of life [4-6]. 
Restorative intervention is sometimes prescribed for patients with tooth wear [3]. 
However, treatment (with a direct resin composite technique, or indirect techniques) 
may prove to be costly and complex [7].  There may also be some ambiguity with the 
optimal timing for restorative intervention [3,8]. Whilst counselling and monitoring 
are advised for all patients with pathological tooth wear, restorative intervention 
may be indicated when the presenting tooth wear is a clear concern for the patient 
and/or the clinician, where there may be functional, or aesthetic concerns and/or 
symptoms of pain, or discomfort [3]. However, definitive dental restorations for tooth 
wear management should not be prescribed until any active dental  pathology has 
been effectively managed and full patient commitment is available [3].  Where the 
presenting pathological tooth wear is not progressive and with the lack of any further 
concerns, restorative intervention may not be necessary and management with vigilant 
monitoring and counselling, may be continued [3].
Determining the most appropriate time to prescribe restorative intervention should 
also consider the progression of the wear process [3].  The need for pragmatic and 
reliable means to assess the rate of tooth wear progression (between appointments, 
as well as between different clinicians) is therefore relevant. Tooth wear assessment 
is most frequently undertaken by periodic clinical (chairside) assessment, however, 
photographs, serial (consecutive) dental casts, and serial digital 3D data scans may also 
be used to undertake assessment, each with their own limitations [3,9]. 
A plethora of tooth wear indices have been introduced for the scoring of the severity 
of the tooth wear present, [10-15]  but the universal acceptance of a grading scale for 
erosive tooth wear in general dental practice, is lacking [16].  A clinical tooth wear index 
should ideally offer the potential to undertake scoring using indirect methods such as, 
intra-oral photographs, traditional gypsum dental casts and on digital intra-oral scans, 
[17] thereby enabling some extra-oral assessment. This may be particularly beneficial 
when the available clinical chair-side time may be constrained. 
The Tooth Wear Evaluation System (TWES) is a modular clinical guideline that can 
be used for the assessment of tooth wear and to assist with diagnosis and patient 
74
Chapter 5
management [14,15,18]. The TWES was revised in 2020 and a new taxonomy was 
proposed  – TWES 2.0 [18].  The TWES index in general, includes the application of an 
8-point occlusal/incisal ordinal grading scale and a 3-point non-occlusal/ non-incisal 
grading scale for the scoring of the respective surfaces. The TWES has been reported to 
offer adequate levels of reliability with tooth wear grading when applied clinically, as 
well as when using dental cast records [19]. Furthermore,  when undertaking occlusal/ 
incisal surface grading using dental casts and intra-oral photographic records, the TWES 
has been described to offer the necessary sensitivity to enable the detection of changes 
in the pattern on tooth wear on a sequential basis, and thereby, help monitor disease 
progression [17,20]. The aim of this study was to undertake a comparative evaluation 
between the use of gypsum casts and digital grayscale (black, white) intra-oral scan 
records with the reliability of grading tooth wear using the TWES, applied to patient 
records that were demonstrative of moderate to severe forms of tooth wear.
MATERIALS & METHODS 
Tooth Wear Evaluation System 
The Tooth Wear Evaluation (TWES) was used as the grading system in this investigation 
[14,15,18].  For the scoring of the occlusal and incisal surfaces, an 8-point ordinal scale 
was used. The grades defined as; grade 0 = no (visible) wear; grade 1a = minimal wear of 
cusps or incisal tips, within the enamel; grade 1b = facets parallel to the normal planes 
of contour, within the enamel; grade 1c = noticeable flattening of cusps or incisal edges, 
within the enamel; grade 2 = wear with dentine exposure and loss of clinical crown 
height <1/3; grade 3a = wear with dentine exposure and loss of clinical crown height 
1/3-1/2; grade 3b = wear with dentine exposure and loss of clinical crown height >1/2-
2/3; and grade 4 = wear with dentine exposure and loss of clinical crown height of >2/3. 
For scoring at the non-occlusal/non-incisal surfaces, a 3-point ordinal scale was applied. 
The grades are described as; grade 0 = no (visible) wear; grade 1 = wear confined to 
the enamel; and grade 2 = wear into the dentine. The scope of this study is based 
on the TWES. It did not include the extensions from the TWES 2.0, as data collection 
commenced prior to the introduction of the updated taxonomy. 
Subjects
The current investigation is part of a larger clinical trial on the management of erosive 
tooth wear, the Radboud Tooth Wear Project, in which 200 patients are included [21]. 
The records of ten patients were randomly selected for the present study. Inclusion 
criteria was the presence of moderate to severe tooth wear, with at least one score of 
TWES ≥ 2. The records applied in this investigation were limited to gypsum casts and 
3D (three dimensional) digital intra-oral scans. The study was carried out in accordance 
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with the Declaration of Helsinki for research involving humans and ethical approval was 
obtained (ABR codes: NL31401.091.10, NL30346.091.10 and NL31371.091.10). All patients 
agreed to participate in the research project and written informed consent was attained 
prior to entering the Radboud Tooth Wear Project. 
The baseline dental condition of each participant had been fully documented and 
full-arch gypsum casts of the upper and lower dental arches were fabricated. Dental 
impressions were taken using a vinyl polysiloxane impression material, (Ivoclar 
Virtual 380, Ivoclar Vivodent, Liechtenstein, Europe) comprising two consistencies, a 
Heavy body and Monophase applied in a single stage. The impressions were cast in 
Type III dental stone (SLR Dental GmbH, Germany) within 24 hours, according to the 
manufacturer’s instructions. A yellow-coloured dental stone material was used.  During 
the same appointment, digital intraoral scans were obtained using the LAVA COS 
Intraoral Scanner (3M, USA). Both the digital and dental impressions were captured 
by the same trained operator. The scanning procedure was undertaken in accordance 
with the manufacturer’s instructions. Scans were made with the patient in a supine 
position, a latex-free lip and cheek retractor was applied,  Optragate (Ivoclar Vivadent, 
Liechtenstein),  teeth were rinsed, air-dried and lightly powdered with titanium 
dioxide. The LAVA COS scanner was used to capture the digital impression, including 
the bite registration scan. The scans were digitally stored in the web-based platform, 
Casemanager (3M). The 3D models of the scans (‘digital intra-oral scans/ digital 
models’) were amenable to downloading from this platform and these open STL files 
could be easily imported into the free-software, MeshLab (www.meshlab.net). Fig.1 is a 
representation of the MeshLab user interface. 
Fig 1. The use of Meshlab to score intra-oral scans with the TWES
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Scoring and the intra- and inter-observer agreement
In advance of this study, Observer 1 (O1), a final year undergraduate dental student was 
trained and calibrated over the course of two training sessions with the use of the TWES 
by Observer 2 (O2). Observer 2 was an experienced dental practitioner and researcher. 
The gypsum cast records included in this investigation were scored using the TWES 
in the same environment and appraised under consistent, standard room lighting 
conditions. Under same conditions, the digital intra-oral scan records were visualized 
in greyscale on a computer screen (resolution: 1920x1080) with MeshLab, enabling the 
assessor to rotate and zoom in on the models. As the output of the 3D models when 
using the LAVA COS scanner is in greyscale, this formed the rationale for the use of 
greyscale records in this investigation. The sequence of scoring for all records was, the 
first quadrant, followed by the second, the third and finally, the fourth. No time limit was 
set for the evaluations.
Teeth with fixed prosthodontic restorations (e.g., crowns and bridges), or large intra-
coronal restorations were excluded from the analysis. Teeth that were not clearly visible 
(inclusive of teeth that were unclear on the digital intra-oral scans), or where they were 
broken/ or damaged on the casts were also excluded from the analysis.
For the intra-observer measurements, the ten sets of gypsum casts and digital intra-
oral scan records were scored twice by Observer 1 with a minimum interval of two 
weeks between the consecutive observations. Comparisons were made between the 
consecutive scores for the full mouth (overall scores), as well as for anterior and posterior 
areas. Assessments were then undertaken by Observer 2 applying the same protocols, 
however, for the purpose of evaluating the inter-observer agreement, only one round 
of scoring was performed by O2.  To study the inter-observer agreement (O1-O2), the 
gypsum casts and digital  greyscale intra-oral scan records for the same ten cases were 
scored once by both observers, O1 and O2. The observers were blinded to each other’s 
scores and in the case of O1, blinded to the outcomes of their former observations when 
carrying out the second round of their assessments. In Fig.2, a flow diagram has been 
provided to summarise the assessment protocol.
To evaluate the effect of the ‘type of record’ (gypsum models or digital greyscale intra-
oral scans) on the scoring with the TWES, the differences in Observer 1’s tooth wear 
scores at each of the surfaces assessed using the gypsum models and digital scan 
records, were determined. 
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Fig 2. Flowchart of the assessment protocol: intra- and inter-observer agreement
Statistical analyses
To describe the agreement between the intra- and inter-observer scores for the 
assessments using the gypsum cast records or digital intra-oral scans, Cohen’s weighted 
Kappa (k
W
) was used. In all Kappa analyses, squared weights were applied. Kappa 
measures were interpreted as follows: < 0 as indicating ‘no agreement,’ 0-0.20 as slight, 
0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial and 0.81-1 as almost 
perfect agreement [22]. Scores were presented for the ‘overall’ (total) occlusal/ incisal 
surfaces, for the buccal surfaces and for  the palatal/lingual surfaces. Scores were also 
presented by tooth type, hence, anterior teeth (incisors and canines) and posterior 
teeth (premolars and molar teeth), irrespective of the arch. Differences in Kappa scores 
were analysed using t-tests and the data expressed as mean values, with Confidence 
Intervals, (95% ci) and p-values (p<0.05).
To determine the effect of the type of record on the scoring outcome, the TWES scores 
of the occlusal/incisal scale (0, 1a, 1b, etc.) were converted into numerical scores, ranging 
from 1 to 8 inclusive. Hence, as seen by Table 1, a TWES outcome of ‘0’ would be scored 
‘1’, 1a as ‘2’, 1b as ‘3’ etc. For all measurements,  the scores of the digital intra-oral scans 
and the  gypsum cast records were compared with a paired t-test. The mean difference 
in the TWES scores at the various surfaces were evaluated for the two types of records; 
a positive score would indicate scoring using a gypsum model would result in a higher 
TWES score. All analyses were performed using R (version 3.6.1). Weighted kappa values 
were calculated using the Kappa function of the vcd library (version 1.4-7).
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Table 1. Conversion of the TWES grades into numerical scores, as applied in this 
investigation.
TWES grade 0 1a 1b 1c 2 3a 3b 4
Numerical score 1 2 3 4 5 6 7 8
RESULTS
Table 2 provides a combined overview of the TWES scores for all ten patient records 
at the occlusal/incisal, the buccal and the palatal/lingual surfaces. The patient records 
showed the presence of significant amounts of tooth wear at all teeth. The majority 
of the scores at the occlusal/incisal surfaces were between TWES 2 (showing wear 
with dentine exposure and loss of clinical crown height <1/3) and TWES 3b (wear with 
dentine exposure and loss of clinical crown height >1/2-2/3). Twenty-one teeth included 
in the patient records were scored TWES  4, presenting with dentine exposure and the 
loss of clinical crown height of >2/3.
Table 2: Descriptives of tooth wear scores using the TWES at all tooth surfaces, measured 
on gypsum casts (n=10)
Occlusal/incisal grading (8-point scale) Buccal grading      (3-point scale)
Lingual/
Palatal grading   
(3-point scale)
Tooth type 0 1a 1b 1c 2 3a 3b 4 0 1 2 0 1 2
Incisors 0 0 0 6 31 17 13 11 14 64 0 14 64 0
Canines 0 0 0 0 16 9 8 7 3 37 0 8 32 0
Premolars 0 0 0 0 51 18 5 2 6 70 0 41 34 0
Molars 0 2 2 3 46 22 4 1 28 0 0 39 40 0
Total 0 2 2 9 144 66 30 21 51 223 0 102 170 0
Details of the levels of intra-observer agreements (O1) and inter-observer agreement 
(O1-O2) (Kappa scores) for the consecutive scoring of tooth wear applying the TWES 
on the gypsum cast records and the digital intra-oral scan records that were included 
in this investigation are presented in Table 3. Table 3 also provides information relating 
to the comparative evaluation between the use of gypsum cast records and digital 
greyscale intra-oral scan records with the reproducibility of tooth wear scoring with 
the TWES.  For the grading of the overall occlusal/ incisal surfaces using gypsum cast 
records, the levels of intra-observer agreements (O1) and inter-observer agreements 
(O1-O2) were significantly higher compared to the agreement in the scoring of the same 
surfaces using the digital grayscale intra-oral scan records, (p<0.001) and (p <0.001) 
respectively. For the grading of the overall buccal and palatal/lingual surfaces, other 
79
A comparative evaluation between the reliability of gypsum casts and digital greyscale intra-oral scans 







































































































































































































































































































































































































































































































































































































than significantly higher levels of O1 agreement in the scoring of the buccal surfaces 
using gypsum cast (p = 0.013) and the O1-O2 agreement in the scoring of the palatal/
lingual surfaces with gypsum cast records, (p = 0.043), no other significant difference 
was found between the type of record used on the reliability of scoring with the TWES.
Table 4 provides information about the effect of the type of record on the tooth wear 
score. This was expressed as the mean difference in the tooth wear grading on gypsum 
casts and the digital greyscale intra-oral scan records using the TWES. For the overall 
scores at the occlusal/ incisal surfaces, grading of the gypsum casts culminated in 
significantly higher TWES scores compared to the use of the digital greyscale intra-oral 
scan records (p<0.001; 95% ci = [0.084…0.272]). However, the overall scores at the buccal 
and palatal/lingual surfaces showed significantly higher values using the digital intra-
oral scans records when undertaking tooth wear grading than with the use of gypsum 
cast records (p = 0.009; 95% ci = [-0.294…0.042] and p = 0.001; 95% ci = [-0.342…0.084]) 
respectively.
Table 4: Showing the differences in TWES-scores between measurements on gypsum casts 
and digital intra-oral scans
 
Occlusal/incisal Buccal Palatal/lingual
Anterior Posterior Overall Anterior Posterior Overall Anterior Posterior Overall
Mean dif. 0.257 0.120 0.178 -0.396 -0.005 -0.168 0.017 -0.387 -0.213




















Table is presenting the mean difference between tooth wear gradings on gypsum models versus digital scans using 
the TWES, together with the p-value and the 95%CI. 
To test the differences the TWES index was converted into an 8-point-scale (0=1, 1a=2, 1b=3, 1c=4, 2=5, 3a=6, 3b=7, 
and 4=8).
A positive score means a higher tooth wear score on gypsum models compared the digital scan.
DISCUSSION 
This study has reported high levels of agreement (both intra- and inter-observer) in 
the scoring of the occlusal/incisal surfaces using gypsum cast records, applying the 
8-point grading scales of the TWES on the dental records of ten randomly selected 
patients with signs of moderate to severe tooth wear. The superiority of using gypsum 
cast records compared to digital greyscale intra-oral scan records at the occlusal/incisal 
surfaces, was statistically significant. Moreover, significantly higher tooth wear scores 
were recorded when applying the gypsum cast records for the grading of the occlusal/ 
incisal surfaces, whereas the opposite was reported for the buccal/palatal surfaces. As 
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with the present investigation, several previous studies have also reported favourable 
reliability applying the 8-point occlusal/incisal grading scale of the TWES for the 
assessment of worn occlusal/ incisal surfaces using traditional dental casts [17,19,20]. 
However, with each of these previous investigations, Interclass Correlation coefficients 
(ICC’s) were used to determine reliability. ICC’s have been  developed for the analysis of 
continuous outcomes. Furthermore, given that the results of the ICC calculation may be 
significantly affected with the choice to investigate agreement (as in this case, rather 
than consistency) the decision was taken to use weighted Kappa scores. 
Although tooth wear assessment using the TWES chairside has been shown to be more 
reliable than assessments carried out using dental casts records alone, [19] reliability 
investigations have shown the outcomes offered using intra-oral photographs for 
occlusal/incisal grading to be comparable to the use of gypsum casts [17]. The presence, 
or absence of initial dentine exposure will, however, be more challenging to ascertain 
using dental casts alone, [23] as the identification of the visual colour changes and subtle 
tactile alterations at the dental hard tissues that accompany the wear process (and are 
often associated with the early stages of tooth wear) may not be as readily as detectable 
compared to chair-side assessment. As a limitation of the present study, no patient 
records were included of cases demonstrating lower levels, or signs of no tooth wear. 
Furthermore, yellow-coloured Type III dental stone was used for the fabrication of the 
cast records. Whilst Type III dental stone is intended for the construction of dental casts, 
the use of a Type IV gypsum material (typically used for the fabrication of dental dies) 
that can offer higher abrasion resistance and possible finer surface detail may have had 
an impact on the observations reported. This may be an area for future investigation, 
as may be the influence of the colour of the gypsum product on the scoring outcomes. 
In the current study, using the gypsum cast records, lower levels of intra- and inter 
observer agreement were reported with the scoring of tooth wear at the occluding/
incisal surfaces of the posterior teeth than at the anterior teeth. Given the practical 
application of an 8-point ordinal scale for the scoring of the occlusal/ incisal surfaces, 
with multiple options available and the subtle differences especially between the 
various sub-scales of the TWES, some variation in the scoring between consecutive 
assessments (both intra- and inter-examiner) is perhaps inevitable. 
The results of this study also reported comparatively higher levels intra-observer 
agreement with the scoring of the posterior teeth compared to the anterior teeth, 
when applying the digital greyscale intra-oral scan records. This observation was 
independent of the surface scored. Digital intra-oral scans offer the opportunity for the 
assessor to view the records in multiple directions and also allow the zooming- in of 
areas of further interest, however, unlike gypsum casts, they do not permit any tactile 
assessment. Digital models in grayscale (black, white, as in this investigation), neither 
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permit adequate visualization of the hard tissue colour changes, which may be relevant 
for the accurate assessment of less severe patterns of tooth wear, or tooth wear at the 
non-occluding surfaces of the anterior teeth, as discussed above. Although the use of 
coloured 3D scans may help improve this aspect and permit the visualisation of exposed 
dentine, the currently available coloured scans appear to provide a sub-optimal contrast 
of the tooth surfaces. The need for the visual assessment of the colour changes that 
accompany the tooth wear process may have accounted for the observations at the 
anterior teeth buccal and palatal/lingual surfaces included, however, the precise reason 
for effect of using digital grayscale intra-oral scans on attaining higher tooth wear score 
at the anterior buccal and palatal/lingual surfaces, is not known. 
In this investigation, where the buccal and palatal/lingual surfaces were graded using 
the 3-point ordinal scale of the TWES, in general, lower levels of agreement were 
described compared with the assessments undertaken at the occlusal/ incisal surfaces. 
This observation was independent of the type of patient record used. However, some 
caution needs to be applied with the interpretation of the data attained for the scoring 
of the buccal and palatal/lingual surfaces, as on occasion, exceptionally high levels of 
agreement (k
W
 = 1.0) were reported for the anterior teeth included within the sample 
(Table 3). In general, the Cohen’s kappa score requires further consideration if one 
outcome is extremely dominant and other variables are only encountered sporadically. 
Furthermore, it may not be appropriate to compare the outcomes in agreement at 
the differing surfaces using the 8-point ordinal scale at one type of surface and the 
3-point scale at another. Previous investigations have also reported considerably lower 
reliability scores for the grading of non-occlusal/ non-incisal surfaces using the TWES 
on dental casts [17,19,20]. These findings have been postulated to be accounted by the 
levels of training the observers may have received to carry out appropriate evaluations 
at these surfaces, or a possible reflection of a flaw of the TWES grading system itself 
when applied at such surfaces [19].
The recoding the TWES into a numerical scale and subsequently analyzing the 
differences between gypsum and digital scores for the purpose of investigating the 
effect of the type of record on the scoring, is an approach that may be questioned. 
The process of undertaking recoding silently assumes the difference between any two 
consecutive scales of the TWES to be of the same size. However, this is not necessarily 
the case. Two alternatives were considered to the approach applied in this investigation. 
Firstly, an extension of the McNemar-test, the McNemar-Bowker test; however, due to 
the large number of categories in relation to the size of the study, this analysis was not 
effective. For the second alternative, the Wilcoxon signed rank test was applied. The 
latter test, whilst suitable for comparing the gypsum cast and digital intra-oral scan 
scores, is not able to provide a clinically interpretable estimation of the differences 
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between the scores. However, the Wilcoxon signed rank test was applied to perform 
a sensitivity analyses and the outcomes compared with the p-values attained from the 
paired t-tests. In all cases, the p-values reported, were similar. A situation with one test 
giving a statistically significant difference and the other test labelling the difference not 
to be statistically different, was not observed. Consequently, the authors considered 
the more easily interpretable paired t-test to offer a level of reliability that was deemed 
sufficient for the purpose of undertaking analysis.
There are some further limitations with the current study. Previous investigations (often 
using other clinical tooth wear indices) have reported challenges with the accurate 
grading of early tooth wear using study casts, [15] clinical photographs [24],or both [25]. 
The clinical background of the observers has also been shown to influence the outcomes 
of scoring tooth wear using study casts and photographs [25]. In the present study, both 
observers were of the same discipline. Furthermore, when considering the effect of the 
type of the record on the scoring, only the outcomes of a single observer’s assessments 
were used, (O1). The impact of the resolution offered by the intra-oral scanning device 
used in this investigation, is neither known. 
Although the merits of occlusal/ incisal grading using the TWES on gypsum casts have 
been highlighted, compliance with the taking of study models in the primary care 
sector to monitor wear has been shown to be relatively low [26].  Some caution is also 
required when undertaking assessments of tooth wear using sequential gypsum casts, 
due to the risks of distortion of the dental materials used, and the effect of the actual 
dental material(s) selected [27].  Based on the result of this investigation, it may also be 
challenging to make accurate comparisons between consecutive gypsum cast records 
and digital intra-oral scans.
In the future, with increasing popularity for intra-oral scanners in dental practice, some 
clinicians may preferentially choose to use digital scans/ models for the purpose of the 
sequential monitoring tooth wear, to overcome the challenges with traditional gypsum 
models, to include storage. The use of an intra-oral scanner may offer the scope to 
monitor tooth wear progression consistently and accurately, [28-30] inclusive of the 
use of subtraction techniques that have been more recently reported [31]. This may 
help overcome some of the drawbacks commonly associated with the fabrication of 
gypsum dental casts. However, as there are some clear barriers for the current routine 
use of intra-oral scanners in the primary care setting (to include, economic factors), the 
importance of using an appropriate tooth wear index to monitor progression of wear is 




It was concluded that the scores obtained with the grading scales of the TWES on gypsum 
casts can offer reliability, especially for the grading of the occlusal/incisal surfaces of 
teeth with signs of moderate to severe wear. The level of reproducibility offered using 
digital greyscale intra-oral scan records to carry out tooth wear assessments with the 
TWES, was generally inferior to that offered by the use of gypsum casts. 
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Objectives: To investigate the effects of the level of pre-treatment tooth wear and 
increasing the VDO on the performance of direct resin composite restorations for the 
rehabilitation of pathological tooth wear.
Methods: Full-mouth (pre-treatment) grading was performed on digital greyscale scan 
records for 34 participants (35.3 ± 8.4 years) with signs of moderate-to-severe generalised 
tooth wear, using the Tooth Wear Evaluation System and the Basic Erosive Wear 
Examination. Each participant received full-mouth direct resin composite restorations, 
with increased VDO. The post-treatment increase in the VDO was determined. Recalls 
were planned after 1 month, and after 1, 3, and 5 years. Three ‘levels’ of restoration 
failure were described. The effects of the variables on the frequencies of restoration 
failure were calculated with a multivariable Cox regression, (p < 0.05). 
Results: 1269 restorations were placed with a mean observation period of 62.4 
months. Increasing the VDO by 1mm significantly reduced the risks of all levels of 
anterior restoration failure (HR ≤ 0.62, p ≤ 0.025). A higher anterior BEWE surface score 
was associated with increased risks of Level 2- & 3- failures, (HR ≥ 1.29, p ≤ 0.019). 
Premolar restorations showed lower risks of Level 2- & 3- failure, compared to the molar 
restorations, (HR ≤ 0.5, p ≤ 0.005).
Conclusion: Levels of pre-treatment wear and the applied change in the VDO 
significantly affected failure risk. 
Clinical relevance: Direct resin composite restorations for the rehabilitation of wear 
should be made as voluminous as possible, respecting the presenting biological, 
functional, and aesthetic constraints. 
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INTRODUCTION 
Given the more recently estimated mean global prevalence rates of erosive tooth 
wear in the deciduous dentition between 30% and 50% and between 20% and 45% 
in the permanent dentition, [1] it would seem prudent to undertake appropriate and 
timely assessments for this condition. As erosive factors have been reported to be 
frequently involved with tooth tissue loss, [2] the term, ‘erosive tooth wear,’ is often 
used synonymously with the term, ‘tooth wear.’ Evaluation of the level of tooth wear is 
often done by chairside assessment and this may involve the use of a clinical index [3]. 
Despite a plethora of tooth wear indices being described, there is the lack of consensus 
with a specific erosive tooth wear grading scale for use in the primary dental care setting 
[3,4]. The Tooth Wear Evaluation System (TWES) and the Basic Erosive Wear Examination 
(BEWE) are two different types of tooth wear indices used in clinical practice and the 
latter is amongst one of the more frequently reported systems [3]. 
The TWES is a modular clinical guideline that can be used for the assessment of tooth wear 
and may be applied to assist with tooth wear diagnosis and with patient management 
[5,6]. The TWES has been recently reviewed, with the introduction of the TWES 2.0 [7]. 
The TWES has been reported to offer adequate levels of reliability with tooth wear 
grading when applied clinically and when scoring using dental cast patient records 
[8]. Furthermore, for occlusal/ incisal surface grading using dental casts and intra-oral 
photographic records, the TWES has been described to offer the necessary sensitivity 
required to monitor levels of disease progression [9,10]. The BEWE was proposed in 2008 
and this index can be used to undertake partial- or full-mouth scoring, [11] both, at the 
chairside and using patient records [12]. The BEWE has been reported to offer the ease 
of use and the required levels of validity, reliability, sensitivity, and specificity, as would 
be expected from a clinical tooth wear index [13-16]. 
Patients with tooth wear may present with a variety of symptoms [17,18]. More severe 
levels of tooth wear have recently been shown to have an adverse impact on the patient’s 
oral health related quality of life [19]. Restorative treatment may sometimes be indicated 
for patients with tooth wear. Where the presenting pattern of tooth wear is more 
widespread, a full mouth rehabilitation may be necessary, and this may culminate in a 
concomitant increase in the patient’s vertical dimension of occlusion (VDO). The increase 
in the VDO may help compensate for the loss in the vertical dimension of the occlusion 
and the associated reduction in the facial height [20]. Two separate investigations have 
also reported an increase in the VDO amongst patients provided with full mouth direct 
resin composite restorations to be associated with a perceived improvement in the 
ability to eat and chew foods (although no significant short-term effects on masticatory 
performance was reported), [21] and with perceived improvements in speech function 
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[22]. An increase in the VDO will be required for sufficient inter-occlusal space to be 
gained to accommodate the required thickness of restorative material at the occlusal 
surfaces of the posterior teeth and the palatal surfaces of the anterior maxillary teeth, 
especially when a minimally or non-invasive approach is adopted [17,18,23,24]. 
A variety of clinical techniques and dental materials have been described for the 
restorative rehabilitation of tooth wear, [17,24] however, much of the available 
information is based on the application and performance of direct resin composite-
based restorations. An earlier systematic review reported large variations in the mean 
annual failure rates for the performance of direct resin composite restorations for the 
treatment of tooth wear between the various studies [25]. A more recent systematic 
review has reported an overall annual intervention rate of 11.7% for the restoration 
of worn occluding surfaces of anterior and posterior teeth with resin composite [26]. 
Common factors associated with the failure of direct resin composite restorations for 
tooth wear treatment, include, chipping, bulk fracture, total restoration loss, caries, 
staining, discoloration, marginal step, tooth fracture and the loss of vitality [26]. 
Several clinical studies have reported fractures as the most common type of failure with 
the restoration of the worn dentition with direct resin composite [27,28]. The restoration/ 
the restorative material must offer the required level of strength and wear resistance, 
to help ensure an acceptable level of clinical performance [29]. It has been suggested 
that the fracture resistance of a bonded resin composite-based material may be 
influenced by several factors, to include, the material composition, the extent to which 
the elastic modulus of the material matches that of the substrate to which it is bonded, 
the compressive and flexural strength of the restorative material, the characteristics of 
the residual tooth tissue and the extent to which the bonding protocol is meticulously 
followed [29,30,31]. The presence of enamel substrate has also been reported to 
favorably influence the level of predictability offered by bonded restorations, [32,33] 
with enamel offering superior bonding capacity over dentine [34,35]. The level of pre-
treatment tooth wear may, therefore, influence the clinical performance of a direct resin 
composite restoration. 
Clinical data on the effect of the size of the change in the VDO and the severity of 
the pre-treatment tooth wear on the performance of directly placed resin composite 
restorations for the full-mouth rehabilitation of severe tooth wear, is lacking. The 
aim of this study is to report on the effect of the level of pre-treatment tooth wear 
(scored at the tooth level using the TWES and the BEWE) and the size of increase in the 
VDO, on the medium-term performance of direct resin composite restorations. These 
resin composite restorations were provided as part of a prospective trial, where the 
performance data had been previously reported at 3.5 years [36]. 
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METHODS AND MATERIALS
Study design, participant selection and baseline investigations.
Thirty-four participants (25 males and 9 females, mean age 35.3 ± 8.4 years, range 20.5 
to 54.5 years) were included in this prospective trial. Each participant had expressed a 
desire for the restorative management of their tooth wear, for a variety of different 
reasons. The participants had been referred by their primary dental care practitioners to 
the Department of Dentistry, Radboudumc, The Netherlands and were recruited between 
December 2010 and June 2013. The inclusion and exclusion criteria for acceptance into 
this study are listed in Table 1. This investigation was carried out in accordance with the 
Declaration of Helsinki (1964) and ethical approval had been attained from the METC (CMO 
Arnhem-Nijmegen file nr. NL30346.091.10). Written informed consent was consistently 
attained. This investigation forms part of the overall Radboud Tooth Wear Project [37].
Table 1. List of inclusion and exclusion criteria for entry into this investigation
Inclusion criteria 
· Adult dental patients aged ≥18 years.
· The need for a full mouth reconstruction of their natural dentition.
· The presence of generalized moderate to severe tooth wear (Tooth Wear Index, TWI ≥ 2) [28], with 
dentine tissue exposure at the premolar and molar teeth.
· Complete dental arches, however, a single edentulous space from one missing posterior tooth was 
permitted.
· A perceived estimated need for an increase in VDO post-treatment by ≤3mm in the first molar region. 
Exclusion criteria
· Restricted mouth opening (3.5cm).
· Diagnosis of, i) Temporomandibular joint dysfunction (to include a history), ii) advanced periodontitis, 
iii) deep caries lesions, and/ or iv) multiple endodontic problems.
· Any local, or systemic factors that may contra-indicate the prescription of the planned dental 
procedures. However, potential subjects presenting with risk factors for tooth wear, such as 
parafunctional habits of grinding/clenching, or patients with GERD (Gastro-esophageal Reflux Disease) 
were not excluded. 
All participants in this study were prescribed a full mouth rehabilitation, using directly 
placed resin composite restorations, applied with minimal intervention. Five dental 
Operators, experienced in the practice of adhesive restorative dental procedures, 
were recruited for the provision of the restorative treatment. Each Operator received 
training prior to the start of the study, to ensure calibration with the treatment protocol. 
Participants were randomly distributed between the Operators. 
As part of the baseline patient examination, clinical photographs, full-arch stone cast 
models (subsequently mounted on an articulator, Artex, in the maximal intercuspal 
position - MIP), a set of bitewing radiographs and a dental panoramic radiograph 
were attained for each participant. Pre-treatment digital scans were also recorded 
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using a LAVA COS Intraoral Scanner (3M, USA) and the images were captured by a 
trained operator. The scanning procedure was undertaken in accordance with the 
manufacturer’s instructions. The scans were digitally stored in the web-based platform, 
Casemanager (3M) and the open STL files were imported using MeshLab 2020 (www.
meshlab.net). Figs.1a-1f provide a representation of a pre-and post-treatment digital 
scan records, showing occlusal surface and frontal views respectively. 
Figures 1a – 1f: Digital intra-oral grey scans pre- and post-treatment.
Fig 1a. Pre-treatment, upper arch occlusal view. 
Fig 1b. Pre-treatment, frontal view.
Fig 1c. Pre-treatment, lower arch occlusal view
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Fig 1d. Post-treatment, upper arch occlusal view. 
Fig 1e. Post-treatment, frontal view. 
Fig 1f. Post-treatment, lower arch occlusal view
The digital scan records included in this investigation, were visualized in greyscale 
on a computer screen (resolution: 1920x1080) with MeshLab, enabling the assessor 
to rotate and zoom-in on the 3D models. The pre-treatment scans were assessed by 
an experienced and trained Assessor (SM). The assessments took place in the same 
environment and the digital greyscale scans were appraised by the Assessor under 
consistent, standard room lighting conditions. Tooth wear grading was performed at 
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tooth level by the Assessor using the BEWE and TWES and was limited to pre-treatment 
assessment; the post-treatment scans were not graded. 
For the scoring of the occlusal and incisal surfaces with the TWES, an 8-point ordinal 
scale was used. The grades defined as; grade 0 = no (visible) wear; grade 1a = minimal 
wear of cusps or incisal tips, within the enamel; grade 1b = facets parallel to the normal 
planes of contour, within the enamel; grade 1c = noticeable flattening of cusps or incisal 
edges, within the enamel; grade 2 = wear with dentine exposure and loss of clinical 
crown height <1/3; grade 3a = wear with dentine exposure and loss of clinical crown 
height 1/3-1/2; grade 3b = wear with dentine exposure and loss of clinical crown height 
>1/2-2/3; and grade 4 = wear with dentine exposure and loss of clinical crown height 
of >2/3. For scoring at the non-occlusal/non-incisal surfaces with the TWES, a 3-point 
ordinal scale was applied. The grades are described as; grade 0 = no (visible) wear; grade 
1 = wear confined to the enamel; and grade 2 = wear into the dentine. As part of this 
investigation, the decision was taken to apply the TWES (rather than the TWES 2.0), in 
line with the approach taken by a recent study, [38].  
Grading was performed of the same surfaces using the BEWE, applying the 4 scales of 
this index, hence, ‘0,’ alluding to the absence of any erosive wear/ normal appearance, 
‘1’- the initial loss of surface texture, ‘2’ – the exposure of wear involving less than 50% of 
the surface area, and ‘3’ - hard tissue loss greater than 50% of the surface area.
The sequence of scoring for all records by the Assessor with either the TWES or the 
BEWE was, the first quadrant in the patient’s oral cavity, followed by the second, the 
third and finally, the fourth. No time limit was set for the evaluations. Scoring was 
initially done using the TWES, followed by scoring with the BEWE. To study the intra-
observer agreement, ten sets of randomly selected digital greyscale scan records were 
scored twice by the Assessor, with a minimum interval of two weeks between the 
consecutive observations, following the protocol described by Mehta et al 2020, [38]. 
The Assessor was blinded to their previous scores when carrying out the second round 
of their assessments. 
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Figs 2a-2d. Determination of the mean change in the VDO. Figures 2a and 2b show the pre- 
and post-treatment VDO estimations at the right first molar teeth of 14.5mm and 16.5mm, 
with a difference of 2.0mm. Figures 2c and 2d show the pre- and post-treatment VDO 
estimations at the left first molar teeth of 9.1mm and 11.2mm, with a difference of 2.1mm. 
In this case, the mean increase in the VDO weas 2.05mm.
Figure 2a. Figure 2b.
 
  
        
Figure 2c. Figure 2d. 
To determine the mean increase in the VDO, using the pre-treatment digital greyscale 
scans of the maxillary and mandibular casts in maximum occlusion, the Assessor located 
the most apical point on the gingival margin at the buccal surface of the maxillary right 
first molar tooth. This approach to assessing the change in VDO has been previously 
described [21]. A perpendicular line was then dropped from this point (using the MeshLab 
tools) to a point extending to the gingival margin of the antagonistic tooth, (Figs. 2a-
2d). The exercise was then repeated on the same digital greyscale scan recorded at the 
contralateral side. To determine the increase in the VDO, the measurements performed 
on the pre-treatment scans, were repeated on the post-treatment scan records. The 
differences between the post- and pre-treatment measurements (right and left side) 
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for each participant were presented as the overall mean increase in their VDO. This is 
illustrated by Figs. 2a-2d, where the change in the VDO at the right-hand side pre- and 
post-treatment was 2.0mm and at the left-hand side, was 2.1mm, with a mean increase 
in the VDO of 2.05mm. When a first molar tooth was absent, measurements were taken 
using the second premolar teeth.
Restorative procedures
The Direct Shaping by Occlusion technique (DSO) protocol was used to provide all teeth 
with direct resin composite restorations [39]. In this study, a micro-hybrid, highly filled 
resin composite, Clearfil AP-X (Kuraray, Japan) and a nanohybrid composite, IPS Empress 
Direct (Ivoclar Vivadent, Schaan, Liechtenstein) were used for the fabrication of the 
restorations. Full details of the restorative treatment protocol (and the dental materials) 
applied in this investigation, have been described by Loomans et al, 2018 [36]. All dental 
materials used in this investigation, were applied in accordance with the manufacturer’s 
instructions.
Planning of the new VDO required an estimation of the difference between the loss 
of clinical crown height and the ideal tooth height, [40]. The approach taken for the 
determination of the VDO has been previously described by Loomans and Opdam, 
2018, [37]. Using the mounted study casts (mounted in the MIP), an estimation was 
undertaken of the loss of vertical tooth substance at the location of the first molar 
teeth. The estimation was related to the original anatomical form; first molar teeth were 
selected, based on the rationale of this tooth often presenting with higher levels of 
wear; however, in the event of other anterior or posterior teeth displaying higher levels 
of tooth wear, estimation of the loss of VDO was adjusted [37]. As part of the planning 
of the new VDO, at this stage a decision was also taken about the need to lengthen 
the anterior teeth to ensure the required aesthetic and occlusal outcome, with the 
aim of attaining a fully supported occlusion (with even centric stops in the MIP) and 
the required cuspal guidance (with the ideal of a canine guided occlusal scheme and 
shared anterior contacts during mandibular protrusive movements). In the presence 
of ‘complicating factors,’ [37] such as an Angles Class II Division 1 relationship with an 
increased overjet, an edge-to-edge incisor relationship, or the presence or an anterior 
open bite which may have rendered the attainment of the desired anterior tooth contact 
challenging, discussions took place in relation to pre-restorative orthodontic treatment, 
or compromises made with the occlusal scheme (that may have otherwise resulted in 
a poor aesthetic outcome). Information relating to the planned increase in the VDO 
was recorded from the study models. This was done by the fabrication of two bilateral 
polyvinyl silicone bite stops (Star VPS, Danville Material, USA). These were prepared at 
the premolar areas. Where necessary, the stops were adjusted using a scalpel, to allow 
for uninhibited free dynamic mandibular movement, by undertaking removal of the 
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occlusal surface imprint. Following the placement of the stops in the patient’s oral 
cavity, the patient’s mandible was guided into centric occlusion (CO) and the stops 
re-lined using the same polyvinyl silicone bite registration material. The stops would 
facilitate the placement of the direct resin composite restorations at the new VDO, 
co-incident with CO. An intra-oral, pre-treatment mock-up (using un-bonded direct 
resin composite material, placed within the patient’s aesthetic zone) was performed 
for each participant, applying established concepts in smile design - “lip-generated 
smile design,” [41] to help determine an appropriate aesthetic prescription, to clinically 
test the planned increase in the VDO and the attainment of informed consent. Where 
the planned increase in the VDO did not allow the attainment of the desired aesthetic 
prescription, the required thickness of restorative material, or the required change in 
facial proportions, adjustments were made using the articulated casts, a set of new 
bite stops prepared and a new intra-oral mock-up performed. Prior to undertaking the 
restorative treatment, any pre-existing oral pathology was managed, to include the 
substitution of existing amalgam restorations with composite resin.
The rehabilitation process commenced with the restoration of the mandibular anterior 
teeth, followed by the maxillary anterior teeth, using the silicone bite stops (as per 
the DSO protocol), [39]. The lower anterior teeth were restored by undertaking an 
estimation of the desired anatomical form, whilst ensuring adequate occlusal clearance 
for the restoration of the upper anterior teeth. This stage was followed using the DSO 
technique, for the restoration of the palatal surfaces, to provide the desired form of 
occlusal contact at the patient’s anterior sextant. 
The mandibular first premolar teeth were then restored at the newly established occlusal 
position, ensuring sufficient inter-occlusal space for the opposing restoration(s); the 
curve of Spee was also used to determine restoration height. The maxillary first premolar 
teeth were then restored using the DSO technique. The remaining posterior teeth 
were then built-up in an analogous way. For practical reasons, mandibular restorations 
were initially placed, followed by the maxillary restorations, using DSO technique. The 
resin composite build-ups were subsequently finished and polished, with the aim of 
attaining stable occlusal contacts between all of  the maxillary and mandibular teeth in 
the maximum intercuspal position, coincident with CO. 
The full restorative protocol took between 3 to 5, three-hour treatment sessions, with 
weekly or fortnightly intervals between the sessions. All anterior restorations were 
completed in the first session. With the relatively short interval between successive 
appointments and challenges with the fabrication of appropriate provisional 
restorations for the purpose ensuring even occlusal contacts between appointments, 
provisional restorations were not prescribed at the unrestored posterior teeth. Patients 
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were advised about possible short-term challenges with oral function and the risks 
of increased loading at their restored anterior teeth because of the reduced occlusal 
contacts during this transitional period. Whilst the current study did not include any 
patients with localized tooth wear, the discharging of patients with an occlusal scheme 
with disclusion of the posterior areas is analogous to the approach taken with the 
prescription of an anterior Dahl appliance, [42]. However, with the use of an anterior 
Dahl appliance, posterior restorations would not be usually prescribed and occlusal 
stability would eventually be attained by adaptaion, to include intrusive and extrusive 
movements of the dento-alvolar processes, [24,42]. Occlusal acrylic splints were not 
initially prescribed at the post-restorative phase; however, night guard appliances were 
advised where bruxism related failure due to fracture or wear were observed. 
Follow-up
The recall registrations were carried out by 4 Observers. These were scheduled at 
intervals of, 1 month and 1-, 3-, and 5- years, post-treatment. At each recall, patient 
history updates were performed on for the presence or absence of any symptoms of 
pain, difficulty with phonetics and/ or mastication, challenges with the adaption to the 
new VDO, or any TMJ-related concerns.   Scoring was undertaken by the Observers, 
using clinical intra-oral examination, intra-oral photographs, and digital greyscale intra-
oral scans, focusing on, functional failure (de-bond or fracture), biological failure (caries, 
endodontic complications) and/ or aesthetic failure, applying a modified version of the 
FDI-criteria [43]. Restorations with discoloration or roughness needing refurbishment 
by polishing, were not registered as failures, as this was considered to form part of 
the routine refurbishment that may be required with resin composite restorations. 
The participant’s primary dental care practitioners were also contacted, to attain any 
information about possible interventions that may have been performed at any of the 
restorations that had been prescribed as part of the above protocol for tooth wear 
management. The type, date, and reason for intervention (fracture, caries, roughness, 
discoloration, extraction) were recorded, as were the details of the remedial actions 
(polishing, repair, or replacement of the restoration). 
Three criteria for failure were distinguished, hence; ‘Level 1 failure’ = a restoration 
with a severe deficiency, that required restoration replacement (to include the need 
for endodontic treatment, or a dental extraction); ‘Level 2 failure’ = a restoration with 
localized deficiencies, which were subsequently  repaired, and ‘Level 3 failure’ = a 
restoration with small material chips (that received either refurbishment by polishing, 
or needed no further intervention). The ‘survival’ of a restoration was considered when 
no failures were seen during the observation period. 
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Statistical analyses 
Separate analyses were performed for the anterior and posterior restorations provided 
in this study, due to differences observed in the forms of the survival curves for the 
restorations placed at each of these locations and due to the differing processes, that 
may account for restoration failure at either location [34]. The analysis was clipped using 
performance data for the first 5.5 years. 
To describe the intra-observer agreement with tooth wear scoring using the TWES and 
the BEWE, Cohen’s weighted Kappa (k
W
) was used and squared weights were applied. 
Kappa measurements were interpreted as follows: < 0 as indicating ‘no agreement,’ 
0-0.20 as slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial and 
0.81-1 as almost perfect agreement, [44]. Scores were calculated for the occlusal/incisal 
surfaces, the buccal/facial surfaces, and for the palatal/lingual surfaces. 
For the restorations provided, Kaplan Meier survival curves and the frequencies of 
failures have been presented. Multivariable Cox regression models were used to 
estimate for the effect of the relevant independent variables on restoration survival. 
In all analyses, the size of the increase in the VDO (in millimeters) and the type of tooth 
(either canine versus incisor, or premolar versus molar) were added to the regression 
model. For the Cox regression analysis, the scoring outcomes using the grading scales 
of the TWES and the BEWE, were rescaled from 0 to 10; 0 = ‘the absence of any tooth 
wear’ and 10 = ‘the highest score for a given surface.’ Any tooth wear score between 
0 and 10 was placed in this range, with an equal distance between successive scores. 
This enabled the conversion of the grades of the TWES and the BEWE into a consistent 
scale, taking into further consideration, the differences in the occlusal and non-occlusal 
ordinal grading scales of the TWES. Scores at each of the three surfaces graded (occlusal/ 
incisal surfaces, buccal/ facial surfaces, and the palatal/ lingual surfaces) were rescaled.
As three separate surfaces were scored by the Assessor for each tooth with the TWES 
and the BEWE, the scoring outcomes required aggregation before linking them with 
restoration survival. This was done in two ways. Firstly, the maximum surface score was 
recorded for a given tooth – ‘BEWE-max’ or ‘TWES-max,’ and secondly, the mean of the 
three surface scores for each tooth - the ‘BEWE-mean score’ or the ‘TWES-mean’ score,’ 
were determined. 
Separate analyses were also undertaken for each of the three levels of failure. In the 
analyses referring to a specific level of failure, these were inclusive of the more serious 
levels of failure, thus; ‘Level 1 failure,’ used to refer to the presence of a ‘catastrophic’ 
Level 1 failure; ‘Level 2- failure,’ used to refer to the presence of the combined Level 1 
and 2 failures; and ‘Level 3- failure,’ used to refer to all Levels of failures, collectively. 
102
Chapter 6
Using this information, three levels of survival, were also described, where survival was 
the recorded in the absence of a given type of failure. 
To adjust for the dependency of data with multiple restorations in one patient, the Cox 
models were provided with a frailty term, to adjust variance estimates for the clustering 
of restorations within patients. Survival analyses were done using the library survival, 
within the R software (v 3.6.2) and Weighted kappa values were calculated using the 
Kappa function of the vcd library (version 1.4-7).
 P-values (values <0.05 were considered statistically significant). 
RESULTS 
Of the total 1269 direct resin composite restorations prescribed in this investigation, 
there were 676 anterior tooth restorations, and 593 posterior tooth restorations. Of 
these restorations, 700 were provided at the maxillary arch and 569 at the mandibular 
arch. The participants received a mean number of 36 ± 7 restorations (range of 20 to 
48 restorations per patient), with a mean follow-up time of 62.4 ± 8.3 months (range of 
25.4 to 66.0 months). One participant dropped out after the 1-year recall interval (due 
to personal financial reasons); whilst this participant was included in the study, they 
were censored after 1-year. All other participants were recalled at 1-month, 1 year and 
3 years. None of the participants reported symptoms of pain, TMJ-related concerns, 
difficulty with phonetics or mastication or in adapting to the new VDO.  For the 
anterior restorations, where an additional buccal or palatal/lingual veneer restoration 
was required and placed at a separate appointment, this was recorded as a separate 
restoration.  For the intra-observer agreement in scoring with the TWES and the BEWE, 
k
W 
values of ³ 0.85 and
 
 ³ 0.79 were respectively reported for all three tooth surfaces 
scored. 
Table 2 provides an outline of the incidence of failure, by tooth type at 5.5 years, with 
29 (2.3%) overall Level 1 ‘catastrophic failures and 145 (11.4%) overall Level 3- failures. 
Figures 3 and 4 show the results of the Kaplan Meier survival curves and the frequencies 
of failures for the anterior and posterior restorations respectively, over the analysis 
period of 5.5 years, where the change in the VDO has been dichotomized, by separating 
the participants into two groups, based on the increase in the VDO as above, or below 
the mean increase of 1.6mm.
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Table 2. An overview incidence of failure by type of tooth.
Tooth type Total Level 1 Level 2- Level 3-
Incisor 454 3.1% (14) 8.6% (39) 10.8% (49)
Canine 222 2.3% (5) 8.6% (19) 10.4% (23)
Premolar 340 1.5% (5) 7.4% (25) 7.9% (27)
Molar 253 2.0% (5) 15.4% (39) 18.2% (46)
Total 1269 2.3% (29) 9.6% (122) 11.4% (145)
With the Cox-regression analysis, Hazard ratios (HR) and p values for the Hazard ratios 
were determined, as was the p value for test for proportionality assumptions. In Table 
3, the outcomes of the Cox-regression analysis have been presented. For the anterior 
restorations, in all analyses irrespective of the Level of failure or the index used for tooth 
wear scoring, an increased VDO was significantly associated with a lower risk of restoration 
failure (HR ≤ 0.62, p ≤ 0.025). Of the four analyses with the tooth wear indices, hence, TWES-
max, TWES-mean, BEWE-max and BEWE-mean, the analysis with BEWE-max displayed the 
most consistent relation with failure. The presence of a higher anterior tooth BEWE score at 
any given surface (BEWE-max) was significantly associated with an increased risk of Level 
2- and Level 3- failures, (HR ≥ 1.29, p ≤ 0.019). As a very small number of Level 1 failures 
were encountered (19) amongst the anterior restorations, this rendered the analysis with 
low power. The regression models did not show any significant difference in survival 
between the incisor and canine restorations, or any significant relationship between the 
TWES scores and anterior tooth restoration failure risk.
For the posterior restorations, the Cox-regression analysis demonstrated the increase in 
the VDO to violate the proportional hazard assumption, especially for the Level 2- and 
Level 3- failures, while the p-values were consistently very high, (p > 0.8). Consequently, 
this variable was removed from the final analysis. In all the analyses (Table 3), there were 
no significant relationships reported between the BEWE scores, or the TWES-mean and 
the risk of posterior restoration failure. Premolar restorations showed significantly lower 
risks of Level 2- and Level 3- failures, compared to the molar restorations, (HR ≤ 0.5, p £ 
0.005). The TWES-max score demonstrated a significant relation with Level 2- and Level 
3- posterior restoration failures, (HR £ 0.90, p ≤ 0.035). As there were a very small number 
of Level 1 failures (10) amongst the posterior restorations, the low power also rendered 
this analysis to be crude. 
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Table 3. Results of Cox regression per level of failure, for the anterior and posterior 







HR 95% CI p HR 95% CI p HR 95% CI p
BEWE mean of surface scores
Change in VDO [mm] 0.185 [0.051...0.671] 0.010 0.494 [0.289...0.845] 0.010 0.566 [0.356...0.902] 0.017
Canine vs incisor 0.788 [0.294...2.054] 0.612 1.026 [0.548...1.921] 0.936 1.003 [0.554...1.817] 0.992
BEWE-mean [0-10] 1.264 [0.850...1.880] 0.246 1.136 [0.967...1.334] 0.121 1.170 [1.007...1.361] 0.041
TWES mean of surface scores
Change in VDO [mm] 0.174 [0.046...0.655] 0.010 0.495 [0.284...0.860] 0.013 0.566 [0.350...0.916] 0.020
Canine vs incisor 0.798 [0.293...2.173] 0.659 1.018 [0.550...1.886] 0.954 0.990 [0.511…1.777] 0.972
TWES-mean [0-10] 1.334 [0.855...2.079] 0.204 1.094 [0.905...1.323] 0.351 1.124 [0.930...1.357] 0.226
BEWE maximum of surface scores
Change in VDO [mm] 0.214 [0.063...0.719] 0.013 0.537 [0.336...0.858] 0.009 0.619 [0.412...0.930] 0.021
Canine vs incisor 0.848 [0.338...2.213] 0.724 1.128 [0.601...2.116] 0.707 1.126 [0.613...2.070] 0.702
BEWE-max [0-10] 1.519 [0.888...2.597] 0.127 1.291 [1.042...1.598] 0.019 1.342 [1.100...1.623] 0.002
TWES maximum of surface scores
Change in VDO [mm] 0.200 [0.056...0.713] 0.013 0.510 [0.299...0.869] 0.013 0.587 [0.369...0.934] 0.025
Canine vs incisor 0.789 [0.280...2.224] 0.654 1.066 [0.564...2.015] 0.844 1.051 [0.571...1.932] 0.874






HR 95% CI p HR 95% CI p HR 95% CI p
BEWE mean of surface scores
Premolar vs molar 0.713 [0.104...4.893] 0.731 0.468 [0.289...0.755] 0.002 0.423 [0.264...0.677] <0.001
BEWE-mean 1.097 [0.880...1.369] 0.411 0.932 [0.759...1.145] 0.504 0.944 [0.778…1.145] 0.559
TWES mean of surface scores
Premolar vs molar 0.659 [0.085...5.119] 0.690 0.497 [0.305...0.811] 0.005 0.447 [0.277...0.720] 0.001
TWES-mean 1.199 [0.860...1.673] 0.285 0.820 [0.662...1.016] 0.070 0.846 [0.692...1.035] 0.103
BEWE maximum of surface scores
Premolar vs molar 0.741 [0.112...4.918] 0.756 0.458 [0.291...0.719] 0.001 0.415 [0.265...0.651] <0.001
BEWE-max 1.049 [0.931...1.183] 0.429 1.007 [0.894...1.135] 0.906 1.003 [0.899...1.119] 0.962
TWES maximum of surface scores
Premolar vs molar 0.713 [0.106...1.447] 0.727 0.482 [0.304...0.765] 0.002 0.437 [0.277...0.698] <0.001
TWES-max 1.060 [0.862...1.304] 0.581 0.891 [0.805...0.985] 0.025 0.900 [0.815...0.992] 0.035
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Figures 3 & 4: Kaplan Meier survival curves and the frequencies of failures (all three 
Levels) for the anterior (Fig 3) and posterior restorations (Fig 4) over the analysis period 
of 5.5 years, where the change in the VDO has been dichotomized by separating the 
participants into two groups (based on the increase in the VDO, as above or below the 






Based on the available literature, the current prospective trial included the largest 
number of direct resin composite restorations. Restorations were placed by trained 
and skilled Operators and scored using modified version of the FDI- criteria, [43]. The 
decision to use this scoring criteria was based on what was likely to be most practical for 
the clinical scoring of all restorations at each recall appointment. At a mean observation 
period of 62 months, a high survival rate, relatively low annual failure rates and only 
a very low number (29/1269, 2.3%) of catastrophic (Level 1) failures were reported. 
The results of this investigation showed the increasing of the vertical dimension of 
the occlusion, had a significant protective effect on the risk of failure of the anterior 
restorations; this effect was independent of the level of pre-treatment tooth wear, tooth 
type, and the level of failure. The presence of a single anterior tooth surface with a high 
BEWE score also had a significant effect on the risk of a non-catastrophic (Level 2 or 
Level 3) restoration failure. The posterior restoration analysis revealed the risk of failure 
of the premolar restorations to be at least half, compared to the molar restorations (for 
Level 2- and Level 3- failures). The outcomes of this study may help inform the process 
of treatment planning when direct resin composite application is considered for the 
full-mouth rehabilitation of a severely worn dentition. 
A planned increase in the VDO will culminate in the increase in the available inter-
occlusal space. This space may be utilized for the placement of a restoration at an 
occluding surface. The availability of a larger inter-occlusal space may enable a greater 
thickness of dental material to be imparted to the occluding surface of the restoration. 
However, the scope to increase the vertical dimension of a tooth will be limited by, 
functional, aesthetic, and/or biological constraints. For the anterior restorations in this 
investigation, (based on the reported Hazard ratios, Table 3) increasing the size of the 
VDO by 1mm, significantly reduced the risk of failure by at least 1.7-fold. The potential 
to provide a greater thickness of dental material may have positively influenced the 
survival of an anterior restoration. Laboratory-based studies by Hamburger et al 2014, 
[29,30] have reported a clear influence of the layer thickness of a resin composite 
restoration on the fatigue resistance and the compressive strength, when bonded to 
dentine. An increase in the compressive strength of a restoration, will improve its ability 
to withstand loads and impart greater fracture strength.
Based on the positive results of the increased VDO on the anterior restorations, it would 
be logical to assume that increased restoration thickness of the posterior restorations, 
would have a positive impact on survival. However, the effect of increasing the VDO 
by 1mm did not have a significant effect on the risk of posterior restoration failure. A 
plethora of other factors may have influenced the clinical performance of the restorations 
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in this study, to include (but not limited to), the presence of uncontrolled etiological 
habits (chemical factors and/ or mechanical processes), patient- and/or operator-
related factors, and the nature of the pre-treatment occlusal relationship. The mean 
age of the participants in this sample was relatively low (approximately 35 years); this 
was primarily due to the need for (almost) complete and intact dental arches, as per the 
inclusion criteria (Table 1). Patients were however, not excluded based on the etiology 
of their tooth wear, hence, patients with signs of bruxism or a severe gastric reflux were 
included. All the participants had a multifactorial etiology including chemical and 
mechanical factors. Whilst an overview has been provided of the likely   etiology for 
each participant within the Supplementary Materials section for the investigation at the 
3.5-year interval, [36] these factors were not evaluated as part of this investigation. This 
work may form the basis of future studies
The method applied for measuring the change in VDO in this investigation has been 
previously reported [21]. However, as a limitation, in the current study, the VDO 
measurements were only performed by the Assessor, with a single round of scoring. 
Specific reference points at the gingival tissues were also applied for the undertaking of 
the VDO measurements, with the digital greyscale intra-oral scan records mounted in 
maximum occlusion. Although changes in the position of the gingival reference points 
(due to tissue enlargement or gingival recession) could have resulted in false outcomes, 
with the relatively short interval between the taking of the pre- and post-treatment 
scans, significant changes in the position of the gingival sulcus would not be expected. 
As the restorations were placed into an occlusal position that was co-incident with 
centric occlusion, this may have resulted in some mandibular repositioning, [45] with 
the distal movement of the mandible [46]. This would render the relocation of the initial 
mandibular gingival reference point into a more distal position. As part of the linear 
VDO measurements recorded in this study, the effect of any malocclusion (such as a 
tilted, or rotated tooth) on the available inter-occlusal clearance, was neither accounted 
for. Furthermore, given the variations in the curvature of the mandibular occlusal plane 
(Curve of Spee) between individuals, the reported increase in the VDO at the molar 
region may not be as appropriate for analyzing the change in VDO at the premolar and 
anterior teeth. 
A study into the impact of the effect of restorative treatment of tooth wear, did not 
report any significant short-term effect of masticatory performance [21]. With the 
third-class lever design of the human jaw, teeth closer to the fulcrum (jaw joint) will 
be exposed to higher mechanical forces. The ratio of force on molars, premolars, and 
incisors of, 4:2:1 has been previously described [47]. In the present investigation, the 
premolar restorations displayed significantly lower risks for Level 2- and Level 3- failures, 
than the molar restorations. Whilst the exact reason for the differences in restoration 
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performance at the posterior tooth types is unknown, the potential exposure of molar 
resin composite restorations to higher occlusal loads (especially when placed in supra-
occlusion), [29] may have also impacted on their performance. Patients with tooth wear 
may also have a tendency for bruxism. Bruxism has been identified as a factor associated 
with earlier restoration failure with direct resin composite restorations [48]. However, 
bruxism has not been clearly identified as a cause of tooth wear, [49] or reported to 
have a significant effect on the survival of resin composite restorations for tooth wear 
treatment [50]. In the present study, night guard appliances had been advised for 4 
participants that had demonstrated failure due to fracture, with suspected bruxism, 
however, patient compliance with night guard use, may be inconsistent. 
Variations in the cross-sectional thickness of the restoration may also impact on the 
fracture resistance of the restorative material [29,31]. Molar resin composite restorations 
for the treatment of occlusal surface wear, are not only likely to be subjected to relatively 
higher and cyclical occlusal forces but may also demonstrate variations in their cross-
sectional thickness, especially when an anatomical restoration form is provided at a 
flatter, worn-down molar tooth. This may also increase the risk of the wearing-down, 
or localized chipping of the restoration. In the current study, only 5 catastrophic (Level 
1) failures were observed amongst the molar teeth, (n= 253). However, a previous 
clinical investigation reported a 56% failure rate over a 3-year period for direct (micro-
filled) resin composite resin restorations placed at an increased vertical height for the 
treatment of worn-down posterior teeth, [51] where fracture was a frequently observed 
cause for failure. At present, there is no evidence to support the superiority of any 
one dental material or treatment protocol for the restoration of the worn dentition 
[52]. In the current investigation, two different types of dental resin composites were 
used (Clearfil AP-X Kuraray, Japan and IPS Empress Direct, Ivoclar Vivadent, Schaan, 
Liechtenstein). Use of the latter was limited to the fabrication buccal surface veneer 
restorations. As the aim of this study was to investigate the effect of pre-treatment wear 
and the applied change in the VDO, the effect of the type of material on restoration 
survival was not investigated; this would form the basis of future work.  The prescription 
of direct resin composite for the restoration of worn teeth, offers the scope of treatment 
by minimal intervention, financial efficacy and provides the opportunity to verify 
acceptance of the planned aesthetic and occlusal changes, with the merit of the relative 
ease of undertaking intra-oral adjustment [17,24]. In the present study, 85 (Levels 2 and 
3 combined) molar restoration failures were reported, (n=253). The outcomes of this 
investigation would support the prescription of molar restoration for the treatment of 
worn teeth, however, it may be appropriate to advise patients of the possible higher 
risk of the need for remedial treatment (refurbishment and repair) with molar tooth 
restorations, as part of the process for attaining informed consent, when planning this 
type of care. 
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With the progressive wearing-away of the tooth tissues, the sequential loss of enamel 
may be accompanied by increasing surface-level exposure of dentine. Enamel and 
dentine have clear differences in their structure, composition, and properties, as well 
as with the mechanisms and predictability of bonding to resin-based materials. In the 
current investigation, as per the Hazard ratios reported by Table 3, the presence of a 
1-point higher score on the rescaled BEWE score (BEWE-max) at any anterior tooth 
surface (incisor or canine) was significantly associated with a higher risk of a Level 2- or 
Level 3- failure (by at least 1.3-fold). More advanced forms of tooth wear are likely to be 
associated with the loss of clinical crown height, the loss of enamel tissue and greater 
levels of dentine exposure; dentine offers a less favorable influence than enamel with 
the predictability of bonded restorations. The precise reason for the higher risk of an 
anterior restoration failure at a tooth with a higher BEWE score at one or more surfaces, 
is however, unknown. 
For the anterior restorations in this study, the observations of an increasing VDO having 
a protective effect (irrespective of the level of tooth wear) and higher surface BEWE 
scores (BEWE-max) associated with a higher risk of failure are conflicting. Higher levels 
of tooth wear involving the occluding and incisal would logically be associated with 
greater increases in the VDO. The exact reason for this conflicting observation is not 
known, however, higher BEWE scores at non-occlusal and non-incisal surfaces may not 
be associated with an increase in the VDO. As a limitation of this study, the location of 
the maximum BEWE surface score (occlusal-incisal/palatal/ buccal) was not specified in 
the analysis. 
For the posterior restorations in the current study sample, the presence of a higher 
TWES score at any one surface (TWES-max) had a significant (but minor) protective 
effect against restoration failure (Level 2- and 3- failures). This was a remarkable finding. 
In-vitro studies have shown the presence of a substrate with a matching elastic modulus 
to the restorative material, [31,53] to have a positive effect on the fracture resistance of 
resin composite restorations, enabling the bonded material-substrate to function like 
a monobloc, with a more even distribution of the applied stresses between them [29]. 
These stresses may otherwise lead to the fracture of the restoration, or the breakdown 
of the adhesive interface. The elastic modulus of a variety of resin composite-based 
materials (14.0 GPa) is similar to that reported for dentine, (18.0 GPa); enamel, however, 
has a far higher elastic modulus (90.0 GPa) [31]. Whilst the availability of a greater 
level of dentine substrate (which would be associated with higher TWES scores) could 
help enhance the survival of a resin bonded composite restoration, more advanced 
tooth wear may be accompanied by the copious loss of enamel tissue. Greater loss 
of crown height (because of tooth wear) would also improve the scope to provide a 
thicker restoration. The interplay between the restoration thickness, the extent of the 
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presenting tooth wear, the available substrate, and the performance of resin composite 
restorations for the treatment of tooth wear, is by no means, straightforward [31]. Whilst 
the wear indices applied in this investigation quantify the amount of wear present, they 
do not take into consideration the etiology of the presenting tooth wear, which may be 
mechanical, chemical, or a combination of these factors. It may be hypothesized, that a 
patient presenting with wear presumed to have a mechanical etiology, may load their 
restorations more heavily, culminating in an accentuated deterioration of the restorative 
treatment; this may be unrelated to the amount of wear, as measured by the index.
Between the four analyses for tooth wear scoring, differing outcomes were observed. 
As the pathogenesis of tooth wear may not consistently involve all the different tooth 
surfaces, comparatively higher levels of tooth wear may be observed at a given tooth 
surface. This effect may render the mean tooth wear score to be much lower than the 
maximum surface score. However, it is the most affected surface that is most likely to 
require restorative rehabilitation and display the greatest loss of enamel tissue. The 
mean pre-treatment surface tooth wear score may, therefore, be less meaningful as 
a predictor for the failure of bonded resin composite restorations than the maximum 
tooth wear surface score. In this study, no significant relationships were reported 
between the risk of restoration failure and the mean tooth wear scores. 
Variations were also reported in restoration survival between the two clinical indices 
applied in this study. The TWES and the BEWE differ in the number and the descriptions 
applied in their respective grading scales, therefore, direct comparisons cannot be 
readily made between scoring outcomes with either index. In this investigation, each 
index was rescaled from 0-10. This approach has been previously applied [38]. However, 
the process of rescaling, silently assumes the difference between any two consecutive 
scales of both indices, to be of the same size. This, however, is not necessarily the case 
and is a limitation of this approach. For the intra-observer agreement in scoring with 
the TWES and the BEWE, almost perfect and substantial levels of agreement were 
respectively reported for all tooth surfaces graded. As a further limitation of this study, 
inter-observer assessment was not performed, and scoring was restricted to the use of 
digital greyscale intra-oral scan records. A recent study has reported significantly higher 
levels of intra- and inter-observer agreement when using the TWES for the scoring of 
the occlusal/incisal surfaces with gypsum casts, than with the use of digital greyscale 
intra-oral scans, [38]. Accurately differentiating between early- and no-tooth wear using 
only digital greyscale intra-oral scans to carry out tooth wear assessment, can also be 
highly challenging [38]. The presently available coloured digital intra-oral scans appear 
to provide a sub-optimal contrast of the tooth surfaces [38]. 
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In summary, some risk factors have been reported in this medium-term prospective 
trial that significantly affect the success of directly applied resin composite restorations 
for the full-mouth rehabilitation of pathological tooth wear. Discussion of the relevant 
risk factors should take place during the attainment of informed consent. Furthermore, 
based on the outcomes of this investigation, when planning this form of treatment, 
the prescription of the greatest possible increase in the VDO (within the presenting 
biological, functional and aesthetically related constraints), will help reduce the risk of 
subsequent restoration failure.  
CONCLUSION
The provision of a greater change in the VDO was also associated with higher treatment 
success in the anterior region, but not in the posterior region. The presence of a high 
BEWE score at an anterior tooth surface was also associated with the higher risks of 
non-catastrophic restoration failure. A higher BEWE score at an occlusal/ incisal surface 
may be associated with an increase in the VDO when restorative rehabilitation is 
prescribed. However, the restoration of anterior teeth with higher BEWE scores at non-
occluding surfaces may not result in an increase in the VDO.  In the posterior region, 
a higher TWES score had a significant but minor protective effect on survival. Lower 
non-catastrophic failure risks were seen with the premolar restorations, compared to 
the molar restorations. 
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Tooth wear has been described as the third most commonly encountered type of oral 
disease, after dental caries and periodontal disease [1]. In clinical practice, the use of an 
index may assist with assessment, the preparation of a clinical record and help guide 
treatment planning.  A plethora of clinical tooth wear indices have been proposed. This 
thesis has focused on the application of two clinical indices, the Basic Erosive Tooth Wear 
Examination (BEWE) and the Tooth Wear Evaluation System (TWES) to answer some 
relevant questions relating to the overall subject of tooth wear, where the available 
data is limited. The aim of this thesis was to investigate the consistency, reliability, 
and compliance of recording tooth wear indices from a convenient cohort of general 
practitioners. Several research projects were established at King’s College London to 
help investigate the aims. Data from the Radboud Tooth Wear Project (RTWP), Nijmegen 
(NL) was also used in this thesis. 
THE USE OF SCORING SYSTEMS IN DENTISTRY
The application of clinical indices is not uncommon in routine dental practice. An 
exemplar is the Basic Periodontal Examination (BPE), [2] which has been described by 
a national professional Guideline as the starting point of the periodontal examination 
[3]. The use of an index to grade the severity of dental caries is, however, not commonly 
practiced within the primary care setting. Tooth wear unlike dental caries and 
periodontal disease, takes place as part of the physiological aging process. 
Although several tooth wear indices have been introduced, the available indices do 
not consider the effects of the condition on the patient, to include the psycho-social 
impact. As part of this thesis, an investigation was carried out (Chapter 2) into the effect 
of tooth wear on the oral health related quality of life (OHRQoL) amongst adult dental 
patients attending a first-time dental examination appointment in the general practice 
setting, using the Oral Health Impact Profile, OHIP-26. Increasing levels of tooth wear 
(higher BEWE scores) were reported to be associated with a lower oral health-related 
quality of life. The findings of this investigation support the need to consider the 
psycho-social impact of the condition on the OHRQoL alongside the clinical findings, 
when attempting to develop an appropriate management strategy.   
There is limited data on dental professional habits with the risk assessment and charting 
of tooth wear. The second study (Chapter 3) was a questionnaire-based evaluation 
of the habits of a convenience sample of UK and non-UK based dental practitioners 
with tooth wear risk assessment and index-based charting. Our finding reported that 
the dental practitioners were less likely to perform clinical risk assessments despite 




clear professional guidance to raise the awareness of the need to monitor and record 
erosive tooth wear, as part of the overall oral health assessment. Furthermore, raising 
the profile of a simple tooth wear index with higher clinical utility (such as the BEWE), 
may also help to protect the dental profession from future litigation and regulatory 
challenges.
The lack of adequate training with an index may be a barrier and account for the limited 
uptake by Dental healthcare professionals of a tooth wear index. Comprehensive data 
about the teaching of tooth wear indices as part of the dental undergraduate curriculum, 
is lacking. Bartlett et al, 2019, approached 18 UK-based dental schools and only five 
schools recommended the routine recording of tooth wear, using an index, [1]. These 
observations support the need to deliver appropriate training and education with the 
routine use of a tooth wear index to undergraduate students and current practitioners. 
Direct, face-to-face, or chairside training for the use of an index is costly and may not 
offer the scope to provide training on a large scale and within a limited period. However, 
the use of online resources may enable the delivery of cost-effective and efficient 
training (www.erosivetoothwear.com). As reported in Chapter 4, viewing of the online 
BEWE-training video resulted in a significant improvement in the agreement in scoring 
with the gold standard score when applying the BEWE index to perform tooth wear 
assessment. 
THE MONITORING OF TOOTH WEAR; DIAGNOSTIC METHODS
For patients with severe and pathological tooth wear, an appropriate preventive plan 
must be prescribed together with monitoring [4,5,6]. Monitoring may prompt the need 
to adapt an established preventive programme or support a change in the direction of 
the management approach, to include justification for restorative intervention. 
The monitoring of tooth wear progression may involve the chairside use of an index. 
For patients with more severe patterns of tooth wear, a more detailed assessment 
may be required. This may be challenging to perform chairside, especially when the 
clinical time is limited. Serial patient records such as clinical photographs and gypsum-
based study models can be used to undertake tooth wear scoring with an index. With 
the development of digital tools in dentistry, 3D intra-oral scans may permit a set of 
‘virtual’ study models to allow monitoring, provided the associated software becomes 
available. This would alleviate the need to use dental casts as well as the impact on 
space for storage of stone-based models. 3D scans also offer the scope of ‘zooming-in’ 
and the ease of sharing records, without the need for duplication techniques. A study 
(Chapter 5) was set up to evaluate the reliability of the grading scales of the TWES, using 
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baseline gypsum casts and digital intra-oral greyscale records, for patients with signs of 
moderate-to-severe tooth wear. Based on these results, it was concluded that the use of 
digital models for tooth wear scoring offered lower levels of reproducibility compared 
to the use of gypsum cast records. Digital models neither permit tactile assessment, 
and in greyscale, do not allow visualization of the hard tissue colour changes. The latter 
may be relevant for the accurate assessment of early tooth wear. The use of computer 
software using subtraction techniques to monitor the progression of tooth wear [7,8] 
may alleviate the need to score tooth wear using an index. However, until the utilisation 
of intra-oral scanners becomes routine, the need to use clinical indices to score tooth 
wear remains a pragmatic approach.  
THE RELATIONSHIP BETWEEN TOOTH WEAR AND 
RESTORATION SURVIVAL
Previous investigations have reported the clinical performance of directly bonded 
resin composite restorations for the treatment of the worn dentition [9,10]. Restoration 
thickness and the influence of the bond to dentine, are possible factors that may affect 
the prognosis of these restorations for the treatment of tooth wear. These factors have 
been investigated in previous laboratory-based studies [11-13]. The thickness of the 
restoration may be influenced by the inter-occlusal space that is available, which in turn, 
may be increased by a planned change in the vertical dimension of the occlusion - VDO. 
In the last chapter (Chapter 6), an investigation was carried out to determine the effect 
of the level of pre-treatment tooth wear (scored at the tooth level, using the TWES and 
the BEWE) and the size of the increase in the VDO on the 5.5-year performance of 1269 
direct resin composite restorations. The prescription of the greatest possible increase 
in the VDO (independent of the level of pre-treatment wear) was shown to help reduce 
the risk of subsequent failure of an anterior restoration.  Molar tooth restorations and 
restorations placed on anterior teeth with a higher single surface BEWE score were at 
significantly greater risk of non-catastrophic failure compared to premolar restorations 
and anterior restorations with lower pre-treatment BEWE scores. This information may 
be used when discussing the risks of treatment and the likely prognosis of direct resin 
composite restorations for the treatment of tooth wear when attaining valid informed 
consent. However, as dental practitioners are already likely to be discussing the 
heightened risks of treatment failure associated with this treatment modality, this may 
question the relevance of the relationship between restoration survival and the levels 
of wear present.
In summary, the outcomes of the investigations presented in this thesis support the role 





The investigations presented in this thesis provided some answers to the questions 
set out above. The findings detailed in Chapter 2 and 3 included UK-based and non-
UK-based participants and have some practical implications, however, as a limitation, 
convenience samples with approximately three hundred participants were used. These 
participants could not be considered as representatives of the dental profession or 
patients, from each country.  The use of larger, probability samples applying a similar 
protocol could form the basis of further studies. Furthermore, with the lack of consensus 
on which tooth wear index to use in primary care, the undertaking of an implementation 
study of a guideline to use a tooth wear screening index, could also form the basis of a 
future investigation. 
Whilst the information presented in Chapter 4 provided support for the use of the 
online learning resource for an improvement in the calibration of assessors with the 
use of the BEWE tool, the application of a larger and more varied sample, the effect of 
refresher training and the use of a different tooth wear index could form the basis of 
future in investigations. 
With the increasing use of digital intra-oral scanners, it is relevant to investigate the 
efficacy of this form of record to help monitor the progression of tooth wear. Although 
the outcomes of the investigation in Chapter 5 alluded to the superiority of using 
gypsum cast records over digital intra-oral scan records for the scoring of the occlusal/
incisal surfaces using the TWES, the digital records in this study were in greyscale. 
This was the only available option. Furthermore, current coloured scan records do not 
offer the desired level of contrast. However, as technology continues to evolve, with 
improvements in the standard of coloured scans, a comparison between the effect of 
scoring using coloured digital scans and gypsum casts could form the basis of a future 
study. 
In Chapter 6, risk factors were identified that may help to inform treatment planning 
for the restorative rehabilitation of a severely worn dentition by full-mouth direct resin 
composite restorations. However, there are other factors that may also influenced 
the clinical performance of the restorations; these were not evaluated as part of this 
investigation – forming the basis of future studies. It would be relevant to investigate 
the impact of the etiology (bruxism or erosive factors) pre- and post-treatment, as 
well as the influence of the operator on the restoration survival. The need of a large 
randomized controlled trial to compare crowns, indirect composite resin restorations, 
ceramic restorations and directly bonded resin composite restorations for the treatment 
of severe wear, is also indicated. 
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Looking ahead – tooth wear assessment, diagnosis, and management 
– 10 years from now?
The outcomes of the investigations in this thesis support the imminent need for 
professional guidance for the assessment of tooth wear in the primary care setting. 
There is also the need for the standardisation of terminology and a universally 
accepted index for tooth wear charting (for adult and child patients), that is simple to 
understand and use and is clear in its scoring criteria. This index should be adaptable 
for epidemiological and prevalence studies, offer the required level of reproducibility 
and sensitivity to enable the accurate monitoring of progression and the capability of 
indicating the need for treatment and level of treatment guidance. In the UK, a group 
has been established, comprising academic representatives of the dental profession 
and industry, to help promote professional and public awareness of tooth wear. 
As digital technology continues to evolve and becomes more widespread in primary 
dental care, the routine use of digital tooth wear measuring tools may help to accurately 
identify signs of early tooth wear, assist with the assessment, and help to monitor 
progression. Furthermore, with the scope to input information such as the impact 
of the condition on the OHRQoL, etiological factors and the results of further special 
investigations (such as salivary tests and bruxism measuring tests) artificial intelligence 
could be used to assist management using established algorithms. 
In the UK, the restorative rehabilitation of patients with severe tooth wear is often 
undertaken at specialised treatment centres [14]. However, given the prevalence of 
the condition, an aging population retaining its natural dentition into advanced years 
and the economic constraints of providing care at funded health clinics, [14] it is likely 
that there will be the need to provide in the general practice setting. The provision 
of restorative care for tooth wear patients may be facilitated by using computer 
aided design and the computer aided manufacturing of restorations (CAD-CAM). The 
evolution of new dental materials that may offer the scope to provide treatment by 
minimal intervention with superior mechanical and adhesive properties, could also 
help a larger number of patients receive the required care, in a predictable way and 
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The primary objectives of the thesis were to compare tooth wear indices with,
• Oral health related quality of life (Chapter 2).
• Compliance of GDPs (Chapter 3).
• Impact of an e-training (Chapter 4).
• Comparison to intra oral scanning (Chapter 5).
A secondary objective was to investigate the clinical outcome of an increase in the VDO 
with direct resin composite restorations for severe tooth wear, (Chapter 6).
Two indices, the Basic Erosive Tooth Wear Examination (BEWE) and the Tooth Wear 
Evaluation System (TWES ), were given greater consideration in this thesis. 
Chapter 1 introduced the subject of tooth wear, the key terms, the epidemiology, 
the nature of the problem and a summary of the diagnosis and management of the 
condition. An overview is also included, relating to the gaps in the knowledge base. 
These form the basis of the research questions of this thesis. 
The study in Chapter 2, reported an investigation of the relationship between severity 
of tooth wear scored using the Basic Erosive Wear Examination and the impact on the 
quality of life of adult dental patients.  BEWE assessments were performed on 319 new 
dentate adult patients attending the practices of 5 trained recruiters, based in primary 
care in Malta (120), Australia (118), or the UK (81). Oral impacts on the quality of life 
were measured using a shortened version of the Oral Health Impact Profile (OHIP-26). 
Regression analyses were performed (adjusted for age) to estimate the relationship 
between the variables. Data were expressed as Confidence Intervals (95% CI), p-values 
(values <0.05 were considered statistically significant) and adjusted R2 values. Overall, 
the sample had a mean age of 42.6±17.1 years (range, 18 to 93 years), a mean cumulative 
BEWE score of 6.7±4.4 and a mean total OHIP-26 score of 1.84±0.59.  For the cumulative 
sextant BEWE scores, 68.0% of the participants scored  8, 24.5% between 9 and 13 and 
7.5 %, a cumulative BEWE score of 14.  A significant association was found between 
increasing BEWE score and the overall OHIP-26 score (effect = 0.028; p=0.002), implying 
a higher BEWE was associated with a higher oral impact on the quality of life. 
The data in Chapter 2 reported severe levels of tooth wear to be significantly associated 
with a deteriorating oral-health related quality of life, it would seem logical to consider the 
psycho-social impact of the condition alongside other clinical findings, when treatment 
planning for patients with tooth wear.  Chapter 3 describes a questionnaire-based 
investigation, aimed to assess the habits of tooth wear risk assessment and a tooth wear 
index, by UK and non-UK dental practitioners. In total, 302 completed questionnaires 
were returned, and the outcomes analysed using descriptives, Chi squared and Fisher’s 




responses, 81% agreed to the need to undertake risk assessment for all dental patients 
attending for a first-time consultation and 59% undertook risk assessments for ‘new 
patients’ previously identified with signs of severe tooth wear. The routine use of a 
clinical index to perform tooth wear charting was described by 13.5% of the sample, 
with only 5% reporting the frequent use of the BEWE tool in clinical practice. Whilst 
specialist dental practitioners or those with further post-graduate training were more 
likely to use a tooth wear index (p < 0.05), there were no other significant relationships 
between any of the variables in the sample and the practicing habits assessed.  This 
investigation highlighted the presence of good levels of professional awareness of 
tooth wear. However, the need for improvement with the actual undertaking of risk 
assessments for tooth wear and consistency with tooth wear assessment and charting 
was determined. The need for appropriate professional guidance for the undertaking of 
tooth wear assessments, was supported by the outcomes of this investigation. 
The use of a clinical index for tooth wear charting requires appropriate assessor training 
and calibration. Given the relatively infrequent use of a clinical index in routine clinical 
practice (as described in Chapter 3), the potential of an online training resource to provide 
an improvement in the consistency of tooth wear scoring using the Basic Erosive Wear 
Examination (BEWE), was explored in the study presented in Chapter 4. As part of this 
investigation, Gold standard (GS) BEWE scores were attained from a trained examiner, 
using the photographic and dental cast records for three conveniently selected cases 
(A, B and C). Four successive cohorts of first year post-graduate students, (n=76, mean 
age, 35.4 years) undertook a training exercise. Initially, simple written description of the 
four grading scales of the BEWE was given. Following e-training, the scoring exercise 
was repeated.The results were expressed as mean values, confidence Intervals, (95% 
CI) and p-values (values <0.05 were considered statistically significant). Six participants 
(7.9%) reported using the BEWE prior to training. The e-Training resulted in a mean 
improvement in the agreement with the GS score by 15.6% and 15.3% using the records 
of case’s B and C, (cumulative BEWE scores of 13 and 15 respectively). Significant post-
training reductions were reported in the mean number of disagreements with the GS 
and the mean change in the size and direction of scoring towards the GS scores with 
records of cases B and C, (p=0.001 and p <0.001) respectively. Using the records for case 
A (cumulative BEWE score of 0), training did not result in any significant improvements. 
Given the significant improvements in the agreement of scoring with the GS BEWE 
scores observed using the records of cases with higher levels of wear, the scope for 
online training resources to help provide training with the BEWE, was highlighted by 
the outcomes of this investigation. 
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Chapter 5, compared gypsum cast records and digital greyscale of intra-oral scan records 
to the tooth wear scoring using the TWES, amongst a group of patients with tooth wear. 
To date, there is the lack of data comparing the reliability of the application of this index 
on gypsum cast records and digital greyscale intra-oral scan records. The records of 
10 patients with moderate to severe tooth wear (TWES ≥ 2), were randomly selected 
from the Radboud Tooth Wear Project. TWES grading of the occlusal/incisal, buccal, 
and palatal/lingual surfaces was performed to determine the levels of intra- and inter-
observer agreement. Intra-observer reproducibility was based on the findings from one 
examiner. For the inter-observer reproducibility, the findings of two examiners were 
considered. One set of models/ records were used per patient.  Cohen’s weighted kappa 
(k
W
) was used to ascertain agreement between and within the observers. Comparison 
of agreement was performed using t-tests (p <0.05). For the scoring of the of the total 
occlusal/incisal surfaces, the overall levels of intra- and inter-observer agreement were 
significantly higher using the gypsum cast records than with the digital grayscale intra-
oral scan records, (p<0.001) and (p<0.001) respectively.  For the buccal surfaces, only a 
significant difference was found in the intra-observer agreement using gypsum casts, 
(p = 0.013). For the palatal/lingual surfaces, a significant difference was only reported in 
the inter-observer agreement using gypsum casts, (p = 0.043). On the occlusal/incisal 
surfaces, grading performed using gypsum casts, culminated in significantly higher 
TWES-scores than with the use of the digital greyscale intra-oral scans (p <0.001). On the 
buccal and palatal/lingual surfaces, significantly higher wear scores were obtained using 
digital greyscale intra-oral scan records (p <0.009). It was concluded that the TWES can 
offer a reliable means for the scoring of wearing occlusal/incisal surfaces using gypsum 
casts. The reliability offered by digital greyscale intra-oral scans for consecutive scoring 
was in general, inferior. From a clinical perspective, the results imply the monitoring 
the progression of occlusal/ incisal surface wear may be effectively undertaken using 
the TWES on serial gypsum casts. This may assist with treatment planning and decision 
making.
Chapter 6 aimed to investigate the effects of increasing the vertical dimension of 
occlusion (VDO) and the levels of pre-treatment tooth wear on the medium-term 
performance of direct resin composite restorations for the full-mouth rehabilitation of 
severe tooth wear.  With the application of the available digital greyscale scan records, an 
assessor determined the post-treatment increase in the VDO and performed full-mouth 
(pre-treatment) grading using the Tooth Wear Evaluation System (TWES) and the Basic 
Erosive Wear Examination (BEWE) for the 34 participants included in the prospective 
trial. For the anterior restorations, increasing the VDO significantly reduced the risks 
of restoration failure, (HR ≤ 0.61, p ≤ 0.025). A higher anterior tooth BEWE surface score 
was also associated with increased risks of non-catastrophic failure (Levels 2 and 3), (HR 




compared to the molar restorations, (HR ≤ 0.5, p ≤ 0.005). Some factors were therefore 
identified, which were associated with higher risks of failure with the restorative 
protocol. Knowledge of these risk factors may help improve outcome with this form of 
treatment, supporting the role of tooth wear indices to help plan restorative treatment. 
In conclusion, the main purpose of this thesis was to investigate the application of two 
clinical indices for the scoring of tooth wear to determine answers for some relevant 
topics relating to the overarching subject of tooth wear. Given the results of the 
different studies in this thesis, it may be concluded that a careful patient history should 
be attained to help plan appropriate care for a patient with tooth wear. The need for 
clear and explicit professional guidance relating to routine tooth wear assessment was 
also supported as a means for helping to raise the profile of the condition amongst 
the profession, with evidence to support the role of online training resources to help 
professionals develop the necessary skills to use an index in an appropriate manner. 
The careful use of the TWES index may help monitor the progression of tooth wear 
using a study models. This information can be applied to determine the point where 
restorative intervention may be indicated. However, when making the latter decision, 
given that the severity of the wear present may influence the outcome with restorative 
intervention with the prescription of minimally invasive methods (such as the use of 
direct chairside resin-composite restorations), the time to intervene must be carefully 
decided between the patient and the dental care professional, to help ensure the best 








De primaire doelstellingen van het proefschrift waren het vergelijken van gebitsslijtage-
indices met:
• Oraal gerelateerde kwaliteit van leven (hoofdstuk 2).
• Naleving van algemene practici (hoofdstuk 3).
• Impact van een e-learning (Hoofdstuk 4).
• Vergelijking met intra-orale scanning (hoofdstuk 5).
Een secundaire doelstelling was het onderzoeken van een toename van de beethoogte 
(VDO) met directe composietrestauraties bij de behandeling van ernstige gebitsslijtage 
op klinische uitkomst van de restauraties (Hoofdstuk 6).
Twee indices, de Basic Erosive Tooth Wear Examination (BEWE) en de Tooth Wear 
Evaluation System (TWES), stonden centraal in dit proefschrift.
Hoofdstuk 1 introduceerde het onderwerp gebitsslijtage, de sleutelbegrippen, de 
epidemiologie, de aard van het probleem en een samenvatting van de diagnose en 
behandeling van de aandoening. Ook is er een overzicht opgenomen over de hiaten in 
de kennis over dit onderwerp. Dit heeft de basis gevormd voor de onderzoeksvragen 
die in dit proefschrift zijn onderzocht. 
In Hoofdstuk 2 is de relatie tussen de ernst van gebitsslijtage die werd gescoord met 
behulp van de Basic Erosive Wear Examination (BEWE) en de impact op de kwaliteit van 
leven van volwassen tandheelkundige patiënten onderzocht. Bij 319 dentate volwassen 
patiënten in 5 praktijken van getrainde tandarts-onderzoekers, gevestigd in Malta 
(120), Australië (118) of het VK (81) werden BEWE-scores vastgelegd. Oraal gerelateerd 
kwaliteit van leven werden gescoord met een verkorte versie van de Oral Health 
Impact Profile (OHIP-26). Er werden regressieanalyses uitgevoerd (gecorrigeerd voor 
leeftijd) om de relatie tussen de variabelen te schatten. Gegevens werden uitgedrukt in 
betrouwbaarheidsintervallen (95% BI), p-waarden (waarden <0,05 werden als statistisch 
significant beschouwd) en adjusted R2-values. De steekproef had een gemiddelde 
leeftijd van 42,6 ± 17,1 jaar (met een bereik van 18 tot 93 jaar), een gemiddelde 
cumulatieve BEWE-score van 6,7 ± 4,4 en een gemiddelde totale OHIP-26-score van 1,84 
± 0,59. Voor de cumulatieve sextant BEWE-scores, 68,0% van de deelnemers scoorde 
≤ 8, 24,5% tussen 9 en 13 en 7,5%, een cumulatieve BEWE-score van ≥14. Er werd een 
significant verband gevonden tussen toenemende BEWE-score en de algehele OHIP-
26-score (effect = 0,028; p=0,002), wat impliceert dat een hogere mate van slijtage 




De gegevens in Hoofdstuk 2 lieten zien dat ernstige mate van gebitsslijtage significant 
geassocieerd is met een verslechterende oraal gerelateerde kwaliteit van leven. Het 
lijkt daarom logisch om ook de psychosociale impact van de aandoening naast andere 
klinische bevindingen mee te wegen in de behandelingsplanning voor patiënten met 
gebitsslijtage. Hoofdstuk 3 beschrijft een onderzoek dat was gericht op het gebruik 
van risico-inschatting en een gebitsslijtage-index door Britse en niet-Britse tandartsen. 
In totaal zijn 302 ingevulde vragenlijsten geretourneerd en zijn de uitkomsten 
geanalyseerd met behulp van beschrijvende statistiek, Chi-kwadraat en Fisher’s exact-
test in SPSS (p<0,05). 81% van de respondenten gaf aan de noodzaak in te zien om een 
risico-inschatting uit te voeren voor alle patiënten die voor een eerste consult kwamen 
en 59% voerde een risico-inschatting uit voor ‘nieuwe patiënten’ die reeds duidelijke 
tekenen van gebitsslijtage hadden. Door 13,5% van de respondenten werd aangegeven 
een klinische index regelmatig gebruiken voor het in kaart brengen van gebitsslijtage, 
waarbij slechts 5% aangaf de BEWE-index te gebruiken. Hoewel gespecialiseerde of 
gedifferentieerde tandartsen meer kans hadden om een  slijtage-index te gebruiken (p 
< 0,05), waren er geen andere significante relaties tussen een van de variabelen in deze 
studie en de gescoorde gewoonten of handelingen van de tandartsen. Dit onderzoek 
liet zien dat er een goed niveau van professioneel bewustzijn van gebitsslijtage is. Echter, 
het maakte ook duidelijk dat er een noodzaak is voor verbetering en daadwerkelijk 
uitvoering van risico-inschatting bij patiënten met gebitsslijtage. Bij het uitvoeren van 
de beoordelingen is tevens passende professionele begeleiding gewenst.
Het gebruik van een klinische index voor het in kaart brengen van gebitsslijtage 
vereist de juiste training en kalibratie van de beoordelaar. Gezien het relatief beperkte 
gebruik van een klinische slijtage-index in de algemene tandartspraktijk (zoals 
beschreven in hoofdstuk 3), werd in hoofdstuk 4 de mogelijke meerwaarde van een 
online trainingsmodule onderzocht bij het scoren van gebitsslijtage met de BEWE-
index. Op basis van intra-orale lichtfoto’s en gebitsmodellen van 3 casussen (A: zeer 
beperkte mate van slijtage, B: matige slijtage en C: ernstige slijtage) werd door een 
getrainde examinator de gouden standaard (GS) vastgesteld. Vier opeenvolgende 
cohorten van eerstejaars postdoctorale studenten (n=76, gemiddelde leeftijd 35,4 
jaar) beoordeelde de casussen. In de eerste ronde ontvingen de studenten alleen een 
eenvoudige schriftelijke instructie hoe de BEWE te gebruiken. Daarna hebben ze de 
e-learning doorlopen en werden de casussen opnieuw beoordeeld. De resultaten 
werden uitgedrukt als gemiddelde waarden, betrouwbaarheidsintervallen (95% BI) 
en p-waarden (waarden <0,05 werden als statistisch significant beschouwd). Zes 
deelnemers (7,9%) gaven aan voorafgaand aan de training de BEWE al te gebruiken. De 
e-learning resulteerde in een gemiddelde verbetering van de overeenstemming met de 
GS-score met 15,6% en 15,3% op basis van de registraties van casus B en C (cumulatieve 
BEWE-scores van respectievelijk 13 en 15). Na het volgen van de e-learning werden 
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significant minder verschillen in beoordelingen gevonden vergeleken met de GS in 
casussen B en C (p=0,001 en p<0,001, respectievelijk). Bij casus A leidde het volgen 
van de e-learning niet tot significante verbeteringen (cumulatieve BEWE-score van 
0). Gezien de significante verbeteringen in de overeenstemming van beoordelen bij 
de casussen met een hogere mate van slijtage, werd het nut van het volgen van een 
e-learning door dit onderzoek onderschreven.
Hoofdstuk 5 vergeleek het gebruik van de TWES om de mate van gebitsslijtage te 
scoren op gipsmodellen en intra-oraal vervaardigde digitale 3d-scans. Hiervoor 
worden 10 patiënten met matige tot ernstige gebitsslijtage (TWES ≥ 2) willekeurig 
geselecteerd uit het Radboud Tooth Wear Project. TWES-classificatie van de occlusale/
incisale, buccale en palatinale/linguale oppervlakken werd uitgevoerd om de mate van 
reproduceerbaarheid tussen en binnen een beoordelaar te bepalen. Intra-observer 
reproduceerbaarheid was gebaseerd op de bevindingen van één onderzoeker. Voor 
de reproduceerbaarheid tussen de waarnemers werden de bevindingen van twee 
onderzoekers gebruikt. Per patiënt werd één set modellen/scans gebruikt. Cohen’s 
gewogen kappa (k
W
) werd gebruikt om verschillen tussen en binnen de waarnemers 
vast te stellen (t-tests, p <0,05). Voor de score van de totale occlusale/incisale 
oppervlakken was de overeenstemming tussen de waarnemers significant beter bij 
gipsmodellen dan bij de digitale 3d-scans (p<0,001 en p<0,001 respectievelijk). Bij 
de buccale oppervlakken werd alleen een significant verschil gevonden in de intra-
observer reproduceerbaarheid bij gipsmodellen (p = 0,013). Bij de palatinale/linguale 
oppervlakken werd alleen een significant verschil gevonden in de reproduceerbaarheid 
tussen de waarnemers bij gipsmodellen (p=0,043). Het scoren van occlusale/incisale 
oppervlakken resulteerde bij gipsmodellen in significant hogere TWES-scores dan 
bij digitale 3d-scans (p <0,001). Bij de digitale 3D scans werden op de buccale en 
palatinale/linguale oppervlakken significant hogere slijtagescores gescoord (p <0,009). 
De betrouwbaarheid van scoren van gebitsslijtage gebruikmakend van de TWES op 
gipsmodellen was over het algemeen beter dan op digitale 3d-scans. 
In hoofdstuk 6 werd onderzocht wat de effecten waren van het aanbrengen van 
een verhoging van de beet (VDO) en de mate van gebitsslijtage voorafgaand aan de 
restauratieve behandeling op de overleving van directe composietrestauraties bij 
patiënten met ernstige gebitsslijtage. In deze prospectieve klinische studie werd bij 
34 patiënten op basis van de beschikbare digitale 3d-scans de toename van de VDO 
vastgesteld. Daarnaast werd de mate van slijtage voorafgaand aan de restauratieve 
behandeling gescoord met de Tooth Wear Evaluation System (TWES) en de Basic 
Erosive Wear Examination (BEWE). Het verhogen van de beethoogte zorgde voor een 
verminderd risico op falen van anterieure restauraties (HR £ 0.61, p £ 0.025). Een hogere 




catastrofaal falen (niveaus 2 en 3) (HR ≥ 1,29, p£ 0,019). Vergeleken met de restauraties 
op de molaren, vertoonden restauraties op de premolaren een lager risico op niet-
catastrofaal falen (HR £ 0.5, p £ 0.005). Kennis van deze risicofactoren kan de overleving 
van deze restauraties helpen te verbeteren, en ondersteunt de rol van indices bij het 
plannen van een restauratieve behandeling.
Concluderend, het belangrijkste doel van dit proefschrift was het onderzoeken van 
de toepassing van twee klinische indices voor het scoren van gebitsslijtage om zo 
antwoorden te verkrijgen op relevante onderwerpen bij deze specifieke patiëntengroep. 
Gezien de resultaten van de verschillende studies in dit proefschrift, kan worden 
geconcludeerd dat een zorgvuldige anamnese moet worden afgenomen om de 
juiste zorg voor een patiënt met gebitsslijtage te kunnen leveren. Er is behoefte aan 
duidelijke en expliciete professionele begeleiding bij de beoordeling van gebitsslijtage. 
In dit proefschrift is aangetoond dat een online e-learningmodule professionals kan 
helpen de nodige vaardigheden te ontwikkelen om een slijtage-index op een gepaste 
manier te gebruiken. Dit alles kan ook zorgen voor een betere bewustwording onder de 
tandheelkundige beroepsgroep. Het zorgvuldige gebruik van de TWES-index kan helpen 
om de progressie van gebitsslijtage te monitoren met behulp van studiemodellen. In 
overleg tussen tandarts en patiënt kan deze informatie worden gebruikt om te bepalen 
op welk moment een restauratieve behandeling gewenst is, waarbij minimaal invasieve 
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This thesis is based on data attained via King’s College London and the RTWP. The 
studies carried out via King’s College London included some questionnaire-based 
research; ethical approval had been granted by the College’s Research and Ethics 
Committee in advance of data collection for the studies presented in Chapters 2 and 
3. Consent was attained, and participation was entirely voluntary. Data was recorded 
using anonymised paper-based questionnaires; these were securely destroyed upon 
the preparation of the data sheets.  
For the RTWP based research, some of the investigations included human studies. These 
were conducted in accordance with the principles of the Declaration of Helsinki. The 
medical and ethical review board Committee on Research Involving Human Subjects 
Region Arnhem Nijmegen, Nijmegen, the Netherlands had granted approval to conduct 
these studies. This project is stored on the Radboudumc, department server: (H:)
THKdata$(\\umcfs012) under ALG PCT. Any paper-based paper data were stored in the 
department archive (Radboudumc, archive 4th floor). All paper data were entered into 
the computer, by use of Castor. Data management and monitoring were also performed 
within Castor. The privacy of the participants in this study was ensured using encrypted 
and unique individual subject codes. This code correspondents with the code on the 
patient- and physician’s booklets. The code was stored separately from the study data. 
Data were converged from Castor to SPSS (SPSS Inc., Chicago, Illinois, USA).
The patient data for the analyses of the studies as presented in Chapters 5 and 6 is stored 
on the departments’ H-drive (H:)THKdata$ \UMCFS012\ALG PCT\ESO\Data in Castor.
The data will be saved for 15 years after termination of the study (July 1, 2022). Using 
these patient data in future research is only possible after a renewed permission by the 
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For my research project – ‘The application of clinical tooth wear indices,’ I have 
completed four of my planned projects and they have been published.  My fifth 
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Publication 1
The impact of e-training on tooth wear assessments using the BEWE
Shamir B. Mehta, Bas Loomans, Ewald Bronkhorst, Subir Banerji, David Bartlett.
J Dent. 2020;103427. doi:10.1016/j.jdent.2020.103427
Abstract
Objective: To investigate the impact of an e-training resource with the consistency of 
tooth wear scoring using the Basic Erosive Wear Examination (BEWE).
Methods: Gold standard (GS) BEWE scores were attained from a trained examiner 
using the photographic and dental cast records for three conveniently selected cases 
representing low, medium and severe tooth wear. Four successive cohorts of first year 
post-graduate students, (n = 76, mean age, 35.4 years) undertook a training exercise. 
Each was given written guidance on using the BEWE. Following e-training, scoring was 
repeated, and the results expressed as mean, confidence Intervals, (95% ci) and p-values 




Results: The e-training resulted in a mean improvement in the agreement with the 
GS score by 15.6% and 15.3%, using the records of the medium and severe tooth wear 
cases, (cumulative BEWE scores of 13 and 15 respectively). Post-training reductions were 
reported, with the mean number of disagreements with the GS and the mean change 
in the size of disagreement with the GS scores with records for the medium and severe 
cases (p = 0.001 and p < 0.001). No significant difference was revealed for the low wear 
case.
Conclusion: e-training resulted in significant improvements in scoring BEWE, compared 
to the gold standard.
Clinical relevance: Online training resources can help provide training with the BEWE.
Keywords: BEWE; e-learning.; grading index scales; reliability; tooth wear.
Publication 2
A study to investigate habits with tooth wear assessments among UK and non-UK 
dental practitioners
Shamir B. Mehta, Bas Loomans, Ewald Bronkhorst, Subir Banerji, David Bartlett.
British Dental Journal 2020; 228: 429-434. 
Abstract
Aim To assess the habits of tooth wear risk assessment and charting using a tooth wear index, by 
UK and non-UK dental practitioners. Design A questionnaire-based evaluation. Methods Three 
hundred and two completed questionnaires were returned and the outcomes analysed using 
descriptives, Chi-squared test and Fisher’s exact test in SPSS. Significance was inferred at p <0.05.
Results Based on a sample of 297 responses, 81% agreed to the need to undertake risk 
assessment for all dental patients attending for a first-time consultation. Fifty-nine percent 
undertook risk assessments for ‘new patients’ previously identified with signs of severe tooth 
wear. The routine use of a clinical index to perform tooth wear charting was described by 13.5%, 
with 5% documenting the frequent use of the BEWE tool. While specialist dental practitioners or 
those with further post-graduate training were more likely to use a tooth wear index (p <0.05), 
there were no other significant relationships between any of the variables in the sample and the 
practising habits assessed. 
Conclusion This investigation alludes to good levels of professional awareness of 
tooth wear. However, the need for improvement with the actual undertaking of risk 
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assessments for tooth wear and consistency with tooth wear assessment and charting 
was determined. The need for appropriate professional guidance for the undertaking of 
tooth wear assessments is supported by the outcomes of this investigation.
Publication 3. 
An investigation into the impact of tooth wear on the oral health related quality 
of life amongst adult dental patients in the United Kingdom, Malta and Australia
Shamir B. Mehta, Bas Loomans, Ewald Bronkhorst, Subir Banerji, David Bartlett.
J Dent. 2020;103409. doi:10.1016/j.jdent.2020.103409
Abstract
Objective: To investigate the relationship between levels of tooth wear scored using the Basic 
Erosive Wear Examination (BEWE) and the impact on the quality of life of adult dental patients.
Methods: BEWE assessments were performed on 319 new dentate adult patients attending the 
practices of 5 trained recruiters based in primary care in Malta (120), Australia (118) or the UK (81). 
Oral impacts on the quality of life were measured using a shortened form of the Oral Health 
Impact Profile (OHIP-26). Regression analysis were performed, adjusted for age, to estimate 
the relationship between the variables. Data were expressed as Confidence Intervals (95 % CI), 
p-values (values <0.05 were considered statistically significant) and adjusted R2 values.
Results: Overall, the sample had a mean age of 42.6 ± 17.1 (range, 18-93 years), a mean cumulative 
BEWE score of 6.7 ± 4.4 and a mean total OHIP-26 score of 1.84 ± 0.59. For the cumulative sextant 
BEWE scores, 68.0 % of the participants scored ≤ 8, 24.5 % between 9 and 13 and 7.5 %, ≥ 14. A 
significant association was found between increasing BEWE score and the overall OHIP-26 total 
score (effect = 0.028; p = 0.002), implying a higher BEWE to be associated with a larger impact of 
oral conditions on daily life.
Conclusion: Higher levels of tooth wear were significantly associated with a deteriorating oral-
health related quality of life amongst the participants.
Clinical relevance: When treatment planning for patients with tooth wear, it is appropriate to 
consider the psycho-social impact of the condition alongside other clinical findings.





A comparative evaluation between the reliability of gypsum casts and digital 
greyscale intra-oral scans for the scoring of tooth wear using the Tooth Wear 
Evaluation System (TWES)
Mehta SB, Bronkhorst EM, Crins L, D N J Huysmans MC, Wetselaar PP, Loomans BAC.
J Oral Rehabil. 2020 Dec 28. doi: 10.1111/joor.13141. Online ahead of print.PMID: 33370476
Abstract
Background: The Tooth Wear Evaluation System (TWES) is a type of tooth wear index. To 
date, there is the lack of data comparing the reliability of the application of this index on 
gypsum cast records and digital greyscale intra-oral scan records.
Objectives: A comparative evaluation between the use of gypsum cast records and 
digital greyscale intra-oral scan records with the reliability of tooth wear scoring using the 
TWES amongst a group of patients with tooth wear.
Methods: Records for 10 patients with moderate to severe tooth wear (TWES ≥ 2) were 
randomly selected from a larger clinical trial. TWES grading of the occlusal/incisal, buccal 
and palatal/lingual surfaces was performed to determine the levels of intra- and inter-
observer agreement. Intra-observer reproducibility was based on the findings of one 
examiner only. For the inter-observer reproducibility, the findings of two examiners were 
considered. One set of models/ records were used per patient. Cohen›s weighted kappa 
(κ
W
 ) was used to ascertain agreement between and within the observers. Comparison of 
agreement was performed using t-tests (p<0.05).
Results: For the scoring of the of the total occlusal/incisal surfaces, the overall levels of 
intra- and inter-observer agreement were significantly higher using the gypsum cast 
records than with the digital grayscale intra-oral scan records, (p<0.001) and (p <0.001) 
respectively. For the overall buccal surfaces, only a significant difference was found in the 
intra-observer agreement using gypsum casts, (p = 0.013). For the palatal/lingual surfaces, 
a significant difference was only reported in the inter-observer agreement using gypsum 
casts, (p = 0.043). At the occlusal/incisal surfaces, grading performed using gypsum casts, 
culminated in significantly higher TWES-scores than with the use of the digital grayscale 
intra-oral scans (p<0.001). At the buccal and palatal/lingual surfaces, significantly higher 
wear scores were obtained using digital greyscale intra-oral scan records (p<0.009).
Conclusions: The TWES can offer a reliable means for the scoring of wearing occlusal/
incisal surfaces using gypsum casts. The reliability offered by digital greyscale intra-oral 
scans for consecutive scoring was in general, inferior.
Keywords: Tooth Wear Evaluation System (TWES); assessment tools; dental casts; digital casts; 




Name PhD candidate: S.B.Mehta
Department: name Dentistry
Graduate School: Radboudumc
PhD period: 27/02/2018 – 01/03/2021
Promotor(s): Prof. Marie Charlotte Huysmans/ 
Prof D Bartlett




a) Courses & Workshops
- Statistics course with Dr E. Bronkhorst
- Internal training on 3D subtraction techniques to measure changes in tooth 
wear
- E Learning /veilig werken: https://umcn.returnontalent.nl











b) Seminars & lectures
- Lectured at Erosive Tooth Wear Symposium, London (2018).
- Scheduled to lecture on Erosive Tooth Wear and the BEWE (presentation of 
PhD research), London, however, event was cancelled due to Covid-19, (2020)
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